Ostracods, rock facies and magnetic susceptibility of the Hanonet Formation / Trois-Fontaines Formation boundary interval (Early Givetian) at the Mont d’Haurs (Givet, France) by Casier, J.-G. et al.
BULLETIN DE L’INSTITUT ROYAL DES SCIENCES NATURELLES DE BELGIQUE 
BULLETIN VAN HET KONINKLIJK BELGISCH INSTITUUT VOOR NATUURWETENSCHAPPEN 
SCIENCES DE LA TERRE, 81: 63-96, 2011
AARDWETENSCHAPPEN, 81: 63-96, 2011 
Ostracods, rock facies and magnetic susceptibility of the Hanonet Formation 
/ Trois-Fontaines Formation boundary interval (Early Givetian) at the Mont 
d’Haurs (Givet, France)
by Jean-Georges CASIER, Xavier DEVLEESCHOUWER, Estelle PETITCLERC & Alain PRéAT
   
Casier, J.-G., DevleesChouwer, X., PetitClerC, e. & Préat, 
a., 2011 – Ostracods, rock facies and magnetic susceptibility of the 
Hanonet Formation / Trois-Fontaines Formation boundary interval 
(Early Givetian) at the Mont d’Haurs (Givet, France). Bulletin de 
l’Institut royal des Sciences naturelles de Belgique, Sciences de la 
Terre, 81: 63-96, 5 pls., 4 figs, 1 table, Brussels, November 30, 2011 
– ISSN 0374-6291. 
      
Abstract 
Approximately 870 carapaces, valves and fragments of ostracods 
were extracted from 26 samples collected in the Hanonet Formation 
(= Fm) and Trois-Fontaines Fm in a section located along the south-
western rampart of the historically entrenched military camp at the 
Mont d’Haurs (Givet, France). Forty-eight species belonging to the 
Eifelian Mega-Assemblage have been identified and three new are 
proposed: Coryellina? audiarti nov. sp., Cavellina haursensis nov. 
sp. and Parabolbinella coeni nov. sp. The ostracod assemblages 
are generally indicative of shallow marine well-oxygenated 
environments, except at the base of the Trois-Fontaines Fm where 
ostracods indicative of semi-restricted and even of lagoonal water 
conditions are reported. 
The sedimentary record represents a transition from mixed 
siliciclastic-carbonate open-marine ramp system to restricted 
carbonate platform with deposition in low-energy peritidal and 
lagoonal settings frequently affected by subaerial exposition. A 
general trend follows a shallowing-upward and a relative sea-level 
decrease from the Hanonet Fm toward the Trois-Fontaines Fm. 
High-energy characterized the ramp setting and destroyed most of 
the stromatoporoid and coral buildups, which occur as floatstone and 
rudstone accumulations forming a thick biostrome. Girvanella and 
issinellid shoals developed also in this high-energy environment. 
The low-field magnetic susceptibility (=MS) log plotted against 
the lithological column reveals four magnetic sequences. The MS log 
and microfacies are moderately correlated mainly due to the evolution 
of sedimentary environments from a ramp to a platform. The MS 
values of the Trois-Fontaines Fm are very low in the biostromal unit 
whereas restricted lagoonal facies are characterized by the highest 
values of MS. A high-resolution stratigraphic correlative pattern is 
proposed here between the Mont d’Haurs section and the 40 km-
distant Baileux section despite the greater thickness. The MS signal 
is strongly controlled by minerals of ferromagnetic characteristics 
with a minor contribution of paramagnetic phases. The lagoonal 
sediments of the Trois-Fontaines Fm are characterized also by 
the highest values of normalized viscosity coefficient and a IRM 
loss. These results confirm the occurrence of a significantly high 
proportion of ultrafine magnetic grains which may be formed during 
diagenesis by chemical remanent magnetization processes.
The list of the Givetian ostracods figured by Coen (1985) and 
recently lodged at the Department of Paleontology at the Royal 
Belgian Institute of Natural Sciences is reported in annex with new 
inventory numbers.
Keywords: Ostracods, Sedimentology, Paleoecology, Magnetic 
susceptibility, Early Givetian, Dinant Synclinorium, Ardennes, 
France.
Résumé
Environ 870 carapaces, valves et fragments d’ostracodes ont été 
extraits de 26 échantillons récoltés dans le sommet de la Formation 
d’Hanonet et dans l’extrême base de la Formation des Trois-
Fontaines, au Mont d’Haurs (Givet, France). La coupe étudiée 
est située à proximité des remparts sud-ouest du camp militaire 
retranché construit par Vauban au XVIIième siècle. Quarante-sept 
espèces d’ostracodes appartenant au Méga-Assemblage de l’Eifel 
sont reconnues et trois nouvelles sont proposées: Coryellina? 
audiarti nov. sp., Cavellina haursensis nov. sp. et Parabolbinella 
coeni nov. sp. La faune d’ostracodes recueillie appartient au Mega-
Assemblage de l’Eifel et elle indique généralement des milieux 
marins peu profonds et bien oxygénés. Exceptionnellement dans 
la base de la Formation de Trois-Fontaines,  la présence d’une 
association monospécifique à Coeloenellina indique des milieux 
semi-restreints et la présence de Leperditicopida, mise en évidence 
dans un échantillon étudié lors de l’analyse sédimentologique, 
atteste de conditions lagunaires. Ces conditions environnementales 
semi-restreintes et lagunaires se généralisent ensuite dans la partie 
moyenne et supérieure de la Formation de Trois-Fontaines tel 
qu’on peut l’observer dans la carrière de Rancennes, aussi au Mont 
d’Haurs (Casier et al., 2010).
La sédimentation témoigne de la transition d’un système de 
rampe silico-carbonatée à un système de plate-forme carbonatée 
restreinte caractérisée par des dépôts péritidaux de basse énergie 
et lagunaires, et affectée fréquemment par une exposition sub-
aérienne. L’évolution générale de la sédimentation montre que 
le milieu devient peu profond, ce qui témoigne d’une baisse 
relative du niveau marin au passage de la Formation d’Hanonet 
à la Formation de Trois-Fontaines. La rampe est caractérisée par 
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des environnements de forte énergie qui détruisent la plupart des 
bioconstructions à stromatopores et coraux apparaissant alors sous 
forme d’accumulations de floatstones et rudstones formant un 
biostrome épais. Dans ce contexte de haute énergie, on observe des 
bancs à Girvanella et Issinélides.
La courbe de susceptibilité magnétique en champ faible placée 
face à la colonne lithologique révèle quatre séquences magnétiques. 
Les courbes de susceptibilité magnétique et de microfaciès sont 
modérément corrélées et sont essentiellement liées à l’évolution 
des environnements d’une rampe vers une plate-forme. Les 
valeurs de susceptibilité magnétique sont très faibles au cours de 
l’unité biostromale avant d’atteindre les plus fortes valeurs dans 
l’environnement de lagon restreint de la Formation de Trois-
Fontaines. Une corrélation stratigraphique à haute resolution est 
proposée entre la coupe du Mont d’Haurs et celle de Baileux, 
située à une distance de 40 km, où des fluctuations similaires de 
la susceptibilité magnétique sont reconnues malgré une épaisseur 
plus forte des sédiments dans la coupe de Baileux. Le signal de 
susceptibilité magnétique est fortement contrôlé par les minéraux 
ferromagnétiques s.l. ainsi que par une contribution moindre des 
grains paramagnétiques. Le coefficient normalisé de viscosité 
magnétique et la décroissance d’IRM montre les valeurs les plus 
élevées dans les sédiments du lagon de la Formation de Trois-
Fontaines qui presentent également les valeurs les plus élevées de 
susceptibilité magnétique. Ces résultats indiquent la presence d’une 
quantité significative de grains de magnétite de granulométrie 
ultrafine très probablement formés au cours de la diagenèse. 
La liste des ostracodes givétiens, figurés par Coen (1985) 
et récemment versés dans les collections du Département de 
Paléontologie de l’Institut royal des Sciences naturelles de Belgique, 
est reportée en annexe. Ces ostracodes ont reçu des nouveaux 
numéros d’inventaire.
Mots-clefs: Ostracodes, Sédimentologie, Paléoécologie, 
Susceptibilité magnétique, Givétien inférieur, Synclinorium de 
Dinant, Ardennes, France.  
Introduction
This paper forms part of the series on the Middle 
Devonian ostracods and their lithological context in 
the type region for the definition of the Givetian Stage 
(southern part of the Dinant Synclinorium, Ardennes 
Department, France). A first paper (Casier et al., 2010) 
has been devoted to the Trois-Fontaines Formation 
(=Fm)/Terres d’Haurs Fm boundary exposed in the 
Rancennes Quarry. It is located along the western 
rampart of a historically entrenched military camp at 
the Mont d’Haurs (Fig. 1). The paper reported a quite 
rich and diversified ostracod fauna indicative of marine, 
semi-restricted and lagoonal environmental conditions. 
The Rancennes Quarry completes the stratotype of the 
Terres d’Haurs Fm located on the southeastern flank 
of the entrenched camp. In fact, the Trois-Fontaines 
Fm/Terres d’Haurs Fm boundary and subsequently the 
very base of the latter do not outcrop in the stratotype 
(hubert, 2008).
This second paper deals with the Hanonet Fm/
Trois-Fontaines Fm boundary at the Mont d’Haurs. The 
Trois-Fontaines Fm belongs to the Givet Group. The 
studied section (GPS: N 50°07’40.2”; E 04°49’29.7”) 
is more or less perpendicular to the southwestern 
rampart at the Mont d’Haurs (Fig. 1). The section 
exposes the last 11.5 m of the Hanonet Fm composed of 
decimeter-thick bioclastic limestone beds (packstones) 
relatively rich in brachiopods, solitary corals (rugosa), 
stromatoporoids and crinoids, and the first 13.2 m of 
the Trois-Fontaines Fm composed in its basal part of 
thicker limestone beds (floatstones and rudstones) 
rich in corals (tabulata), massive stromatoporoids and 
molluscs, overlain by homogeneous medium-thick 
beds of fenestral mudstones and wackestones.
The hemiansatus conodont Zone defining the 
base of the Givetian (SDS Meeting, Rennes, 1988; 
walliser et al., 1995) has been recognized in the 
Hanonet Fm stratotype (La Couvinoise Quarry), near 
the top of the lower part of this formation (bultynCk 
& DeJonGhe, 2001), 42 meters below the base of the 
Givet Group (bultynCk & hollevoet, 1999). At 
the Mont d’Haurs, Icriodus obliquimarginatus, whose 
occurrence indicates a zone of the alternative Icriodus 
conodont zonation, has been found by bultynCk 
(1987) 4 meters below the base of the Givet Group 
but this author estimates that it is certainly not the 
earliest record for the type area. In other sections in 
the Dinant Synclinorium, bultynCk (ibid) notices 
that I. obliquimarginatus first occurs up to 18 meters 
below the base of the Givet Group. Thus the part of 
the Hanonet Fm exposed in the section studied herein 
might be Givetian in age.  
The section has been studied recently also by hubert 
(2008) and a list of 25 collected ostracod species was 
reported by Milhau (in hubert et al., 2007). Ostracods 
from other Givetian sections at the Mont d’Haurs were 
also reported by beCker & bless (1974) and Coen 
(1985). For the list of ostracods identified by Coen 
see Annex 1 (ostracods printed in bold), and errera 
et al. (1972) and bultynCk et al. (1991) for further 
information and complete bibliography on the Givetian 
of Mont d’Haurs.
Rock and facies analysis (A. Préat)
The studied Hanonet Fm/Trois-Fontaines Fm boundary 
interval exposes nearly twenty meters of poorly bedded 
fine- to medium-grained bluish clayey bioclastic 
wackestones and packstones (lower part) which are 
overlain by massive reefal limestone beds (meter-thick 
floatstones and rudstones; middle part) and well-bedded 
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Fig. 1  –  Location of the studied section and the Rancennes Quarry at the Mont d’Haurs.  
greyish fine-grained mudstones and wackestones with 
abundant small-sized vertical fenestrae (upper part). 
Crinoids (with preserved stems), solitary corals 
(rugosa) and various shell bioclasts are abundant in 
the lower part. The middle part consists of abundant 
broken massive stromatoporoids (with the size up to 
one meter), massive and fasciculate corals (rugosa and 
tabulata), crinoids, brachiopods and gastropods. The 
upper part is more homogeneous and gastropods are the 
only distinguishable fossils. The bedding of the series is 
regular. Fifty-eight samples (MH500-545 and MH600-
612) have been collected (Fig. 2) for petrography in 
order to constrain the paleoenvironments. It is clear 
from the field observation that the three successive parts 
represent a pronounced sedimentological evolution 
from an open-marine environment towards a semi-
restricted or a restricted setting. The reefal part assuming 
the transition between these two environments is not 
in place as suggested by the reworking of organisms 
and consists of a biostrome. The large size of bioclasts 
(decimetre), their poor sorting and good preservation 
point to a short transport.
As the Hanonet Fm/Trois-Fontaines Fm boundary 
interval represents the transition from a mixed 
siliciclastic-carbonate ramp system to a carbonate 
platform in the Dinant Basin (kasiMi & Préat, 
1996), the microfacies distribution and evolution are 
rather complex, the key parameters for microfacies 
interpretation changed through time. Préat & kasiMi 
(1995) proposed a standard sequence of ten major 
microfacies based on the energy index variation from 
open-marine (below the storm wave base level) to reefal 
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complexes, open lagoons and peritidal environments 
near emerged surface with vadose cavities. Préat 
& MaMet (1989) developed a standard sequence 
of thirteen major microfacies types in the carbonate 
platform for the French-Belgian Givetian of the 
Dinant Basin and correlated them with the equivalent 
microfacies of the standard microfacies (SMF) sensu 
wilson (1975). As the Givetian microfacies of the 
studied section are similar to the ones described in the 
above mentioned standard microfacies, we give their 
correspondent using the Préat & kasiMi (1995) and 
Préat & MaMet (1989) standard sequences as it has 
also been done for the Upper Givetian in Casier et al. 
(2010). This way to proceed has the advantage to make 
easier comparison and discussion with the previous 
studies in the Devonian of the Dinant Basin. The lower 
and middle parts of the section consist only of open-
marine facies of a ramp system, the upper part with 
true lagoonal deposits indicates a typical carbonate 
platform environment. Despite these two different 
sedimentary systems the standard sequences highlight 
a same shallowing-upward trend from subtidal open-
marine environment near the storm-wave base level to 
supratidal settings with emerged surface.
Microfacies analysis
Microfacies type 1 (MF1)
Open-marine below storm-wave base 
This microfacies is not well represented and has not 
been sampled due to its relatively important clay 
content. It occurs in the lower part of the first interval 
and consists of centimetric or decimetric homogeneous 
clayey silty mudstones. This microfacies is equivalent 
to MF1 of Préat & kasiMi (1995).
Microfacies type 2 (MF2)
Open-marine environment near storm-wave base (Pl. 
4, Figs 1, 2)
Description:  burrowed bioclastic and microbioclastic 
clayey and silty wackestones (Pl. 4, Fig. 2). The 
fine-grained bioclasts mostly consist of echinoderms 
(crinoids and sea urchin spines and plates), 
brachiopods, bryozoa, ostracods and very small-
sized Girvanella fragments. A few larger bioclasts 
(Girvanella-encrusted crinoids and brachiopods) 
occur in thin (millimetre-thick) layers. Lamination is 
partly destroyed by bioturbation. Filamentous pyrite 
(sensu MaMet & Préat, 2009) was observed inside 
bioclasts, mostly in the echinoderm plates (Pl. 4, 
Fig. 2). Irregular pressure solution seams are common 
and with accumulated pyrite (Pl. 4, Fig. 2).
Interpretation: the character and well-preserved 
bioclasts suggest a quiet open-marine environment, 
episodically interrupted by storm events as indicated 
by the occurrence of thin bioclastic layers (less than 
one millimetre-thick) which were not bioturbated. The 
Girvanella fragments point to the proximity of the 
euphotic zone. The environment could be compared 
with the transition zone described in the North Sea 
(German Bay) by aiGner (1985). This microfacies is 
equivalent to MF2 of Préat & kasiMi (1995).
Microfacies type 3 (MF3)
Open-marine environment near storm-wave base, 
proximity of Girvanella-cyanobacterial mats (Pl. 4, 
Figs 3-6)
Description: burrowed wackestones and peloidal 
packstones with abundant diversified medium- to 
coarse-grained bioclasts (brachiopods, bryozoa, 
ostracods, molluscs, echinoderms). Girvanella are 
common as fragments (Pl. 4, Fig. 5), encrustations of 
bioclasts (Pl. 4, Figs 4, 6) or around nuclei of various 
oncolites (Pl. 4, Fig. 3). Peloids are irregular, well 
rounded and a few of them are reworked. Girvanella, 
Rectangulina antroPov, 1959 are rare and occur 
as coarse-grained fragments. Coarser clasts and all 
bioclasts are concentrated in the interstratified thin (a 
few millimetres) packstone layers with a microspar 
matrix. 
Interpretation: the abundance of the cyanobacterial 
or Girvanella fragments points to the proximity of a 
shoal colonized by microbial mats in the photic zone. 
The bioclastic packstone layers and the occurrence 
of coarse-grained bioclasts point to an environment 
exposed to episodic storms, which mixed several 
biocenoses (Girvanella, brachiopods etc.) in a general 
shallow-water open-marine setting. These layers are 
comparable to intermediate and proximal tempestites 
described by aiGner (1985). This microfacies has no 
precise equivalent in the standard sequence of Préat & 
kasiMi (1995) but might be similar to their MF3a with 
Girvanella replacing paleosiphonocladales. 
Microfacies type 4 (MF4)
Open-marine fore-reef environment around the fair-
weather wave base (Pl. 4, Figs 7, 8)
Description: crinoidal grainstones and bioclastic 
floatstones/rudstones with abundant coarse decimetre- 
(field observation) to centimetre-sized stromatoporoids 
and corals (mainly rugosa) subangular to subrounded 
fragments. Other bioclasts consist of brachiopods, 
molluscs, bryozoa, ostracods and issinellids (algae). 
They are well preserved and often unbroken. Peloids 
67Early Givetian ostracods and rock analysis at Givet, France 
Fig. 2  –  Lithological column of the Mont d’Haurs section with microfacies, 
paleoenvironmental interpretations and low-field MS curve divided into four 
magnetic sequences. 
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of Girvanella are common and very rare fragments 
of Paralitania MaMet & Préat, 1985 have been 
observed. The stromatoporoids and corals show 
numerous encrustations. Graded bedding occurs as 
oblique bedding. In this case the bioclasts are not 
micritized and occur as relatively thick-bedded (0.5 – 
5 mm) packstone layers. This is particularly true for 
the echinoderms that are well preserved and “fresh” 
(without microborings, not perforated, not micritized). 
In comparison with previous microfacies types, layers 
are thicker (up to a few centimetres), more abundant and 
with truncated bases. Sediment is slightly bioturbated 
and it can highlight a bimodal size-distribution of the 
grains by mixing of the grains of thick-bedded layers 
with those included in the matrix. The micritic matrix 
can be dolomitized but most of the bioclasts not. The 
syntaxial cement is mostly well-developed in crinoidal 
grainstones. 
Interpretation: the abundance (field and thin section 
observations) of reworked stromatoporoids and corals 
mixed with echinoderms and brachiopods points to a 
fore-reef environment close or in the photic zone as 
suggested by presence of the issinellids, Girvanella 
and Paralitanaia. The abundance of the issinellids 
indicates that they were derived from a proximal shoal 
(MaMet & rouX, 1981). This general high-energy 
reefal environment was exposed to episodic storms, 
which deposited thick-bedded packstone layers in the 
floatstones and rudstones. The grain size distribution 
of the bioclasts and layer thicknesses point to proximal 
tempestites sensu aiGner (1985). The crinoidal 
grainstone microfacies is equivalent to the MF4 of 
Préat & kasiMi (1995) and the reefal microfacies to 
MF5a or to MF5 of Préat & MaMet (1989).
Microfacies type 5 (MF5)
Open-marine fore-shoal environment around the fair-
weather wave base (Pl. 5, Figs 1, 2)
Description:  fine-grained laminar bioclastic-peloidal 
packstones and grainstones with alternated with thick-
bedded (below one centimetre) bioclastic layers (Pl. 5, 
Fig. 1). Despite the fact that the silt content is low (< 5 
%) it constitutes a characteristic of the microfacies. As 
before, the Girvanella peloids dominate and consist of 
small-sized fragments. Larger fragments of Girvanella 
also occur. Bioclasts are well-sorted and consist 
mostly of echinoderms (crinoids) with a few molluscs 
(gastropods), brachiopods, ostracods and rare corals 
(rugosa) and tentaculitids. Cross-bedding and erosive 
discontinuities are present. Small-sized tentaculitid-
like bioclasts are abundant. Rare Bisphaera birina, 
1948 (enigmatic taxon) appear in this microfacies (Pl. 
5, Fig. 2). Micritized grains are not very abundant. 
Bioturbation is common. 
Interpretation: well-sorted crinoid fragments derived 
from meadows dominate together with small-sized 
peloids probably derived from Girvanella mats or shoals. 
The energy was high (planar and oblique lamination, 
intercalations of thicker layers) and destroyed crinoidal 
meadows and Girvanella shoals or banks (horbury & 
aDaMs, 1996), fragments were recycled near the fair-
weather wave base and then exported off the shore. 
Then the sediment was burrowed and most of the texture 
features (e.g. lamination etc.) were destroyed.  This 
microfacies has no equivalent in the Préat & MaMet 
(1989) or Préat & kasiMi (1995) standard sequences. A 
similar microfacies has been defined near the Devonian-
Carboniferous boundary in the northeastern part of the 
Dinant Basin (MF4 in Casier et al., 2005). 
Microfacies type 6 (MF6) 
Semi-restricted back-reefal environment with moderate 
energy
Description:  stromatoporoid and coral (tabulata and 
rugosa) floatstones with abundant bioclasts, peloids 
and lumps (ranging from 50 to 500 µm) and rare proto-
oolites. Bioclasts are partly micritized and consist 
of brachiopods, pelecypods (mud-coated grains), 
large gastropods, abundant ostracods (disarticulated 
valves), echinoderms, issinellids, calcispheres and 
rare kamaenids. Stromatoporoids and corals are 
often encrustated. Bioturbation is not very abundant. 
Irregular small- and large-sized fenestrae occur giving 
to the rock the appearance of a loferite. The fenestrae 
are filled with thin fibrous calcite cement and a large 
granular sparite. The fenestrae are limited by small-
sized peloids forming an irregular network (bacterial 
peloids? sensu MaMet & Préat, 2005). The matrix 
can be partly replaced by fine-grained hypidiotopic 
and idiotopic dolomite (50 µm) and the fenestrae by 
saddle dolomite (up to 3 mm). The matrix is also partly 
recrystallized to fine-grained calcite microspar.
Interpretation: bioclasts consist of mixed open-
marine and lagoonal (see below) organisms near a 
buildup dominated by stromatoporoids and corals. The 
fenestral fabric and the mud-coated grains point to a 
shallow subtidal and intertidal environment (shinn, 
1983) in a general back-reefal setting indicated by the 
occurrence of the constructors, and calcispheres and 
kamaenids pointing to a semi-restricted or restricted 
domain. Absence of microbreccias points to a moderate 
energy not so strong enough to break the bioclasts. 
This microfacies is similar to MF6 in Préat & MaMet 
(1989) and MF7 in Préat & kasiMi (1995).
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Microfacies type 7 (MF7)
Microfacies type 7 sensu Préat & MaMet (1989) was 
not found as well as in Préat & kasiMi (1995).
Microfacies type 8 (MF8) 
Restricted environments with salinity fluctuations (Pl. 5, 
Figs 1, 2)
Description:  wackestones with centimetre-thick 
coarse bioclastic (gastropods, pelecypods, tabulata, 
stromatoporoids) layers in fenestral peloidal 
wackestones-packstones with abundant calcispheres. 
The matrix is micritic and contains kamaenids, 
labyrinthoconids (lanGer, 1979), Bisphaera, nodules 
of Bevocastria (GarwooD, 1931) and ostracods. Most 
of the peloids comes from Bevocastria. The fenestrae 
are irregular (sensu tebbutt et al., 1965; shinn, 
1968, 1983) in millimetre scale with rare geopetal 
infillings (very often dissolved gastropods). However, 
true irregular fenestrae occur but they do not dominate. 
Bevocastria intensively encrusts large bioclasts 
(mostly corals and stromatoporoids) forming irregular 
oncoids and transforming the sediment in a bindstone. 
Medium-sized calcite microspar form the packstone 
matrix whereas micrite the wackestone matrix. 
The bioturbation occurs and destroys the texture of 
bioclastic layers.
Interpretation: microflora, cyanobacteria or 
“cryptalgae” (Bevocastria) and calcispheres dominate 
and point to a restricted lagoon (Préat & MaMet, 
1989). Open-marine fauna is absent, except for the 
load of redeposited fauna during the episodic storms. 
The environment is isolated from the offshore and very 
quiet. The gastropod accumulations in thick layers are 
products of littoral or tidal current activity in this very 
shallow setting (WaGner & van Der toGt, 1973; 
enos, 1983). This microfacies is equivalent to the MF8 
of Préat & MaMet (1989).
Microfacies type 9 (MF9) (Pl. 5, Figs 5, 7)
Description:  homogeneous mudstones and peloidal 
wackestones with abundant calcispheres and 
Leperditicopida. The matrix contains kamaenids, 
proninellids, labyrinthoconids, Bevocastria, sponge 
spicules, amphiporids and large bipyramidal quartz 
grains (width of 30 µm and length of 150 µm). Large- 
and small-sized irregular fenestrae are abundant and 
the sediment looks like a loferite. The bipyramidal 
quartz grains are sometimes very abundant with 
tiny sulphate? inclusions and replace laths of former 
mineral which display also a swallow-tail habitus. 
Bioturbation is not developed. The matrix contains 
abundant framboidal pyrite. A few fenestrae exhibit 
a well-rounded morphology and might be related to 
primary evaporite nodules (Guillevin, 1979). As 
in the previous microfacies a coarse saddle dolomite 
occurs in some fenestrae.
Interpretation: microflora and microfauna are the 
same as in the previous microfacies and point to a very 
quiet and restricted lagoon. The environment was very 
shallow as suggested by the occurrence of fenestral 
fabric. Salinity oscillations are indicated by the 
endemism of organisms, i.e, Leperditicopida (brackish 
water), amphiporids and probable pseudomorphs after 
sulphate nodules (from hypersaline brines). The algal 
associations and the development of Bevocastria 
indicate stressfull conditions. This microfacies is 
equivalent to the MF9 of Préat & MaMet (1989), this 
microfacies is the most typical for the Givetian of the 
Dinant Basin in Belgium and France.
Microfacies type 10 (MF10)
Microfacies type 10 sensu Préat & MaMet (1989) 
was not observed as in Préat & kasiMi (1995).
Microfacies type 11 (MF11)
Description: homogeneous dolomudstone with a few 
calcispheres, ostracods and rare labyrinthoconids 
with a very well developed fenestral fabric. Irregular 
fenestrae have geopetal infillings with crystal silt 
overlying or mixed with peloidal layers. Sparite fills 
the upper part of the fenestrae or cavities. Spar-micrite 
sensu kahle (1977) occurs in the matrix and consists 
of a heterogeneous recrystallized dolomicrosparite 
with residues of micrite and peloids. The microfacies 
is quite similar to MF11 of Préat & MaMet (1989) 
or to MF11 and MF12 of the standard sequence of the 
Viséan of Northern France (MaMet & Préat, 2005). 
Interpretation: very low diversity of the organisms 
suggests significantly stressfull environment with 
possible emerging as indicated by the geopetal fillings 
of the fenestrae. Alternation of micritic matrix through 
micritisation processes of organisms points to the 
proximity of the vadose zone or emerged surface where 
soils can develop.
Microfacies types 12 and 13 
Microfacies types 12 and 13 sensu Préat & MaMet 
(1989) were not observed in the studied section.
Microfacies and evolution of sedimentary setting
The first six microfacies consisting of mudstones, 
wackestones, packstones, grainstones and floatstones 
or rudstones are dependent on the energy of the 
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sedimentation regime. The laminae and thicker 
bioclastic layers record the relative bathymetry of the 
storm- and the fair-weather wave bases (ahr, 1973; 
einsele & seilaCher, 1982). Laminar intervals, which 
are rare and thin-bedded in MF2, thicker in MF3 than 
in MF2, thickest and abundant in MF5, are composed 
of similar bioclasts. The bioclast size increases with 
lamination thickness and with the diversity of the 
faunal assemblages, particularly when fragments of 
fossils occur. Cross bedding is an abundant feature 
in MF5 and the rate of bioturbation significantly 
decreases. The occurrence of Girvanella across all 
these microfacies indicates a depositional environment 
within the euphotic zone in an open-marine domain in 
shallow water as also indicated by faunal assemblages 
(echinoderms, brachiopods, bryozoa). Generally, 
the background sedimentation is decantation of clay 
components and carbonate muds from water column, 
in a quiet environment (MF1). MF2 and MF3 were 
gradually affected by storm activities, which caused 
the increased flux of coarse bioclasts. Intermittent 
energy allowed development of Girvanella oncoids 
(MF3).  Oscillation in the energy was very high near 
the fair-weather base level and laminar crinoidal 
grainstones/rudstones (MF4) or Girvanella peloidal 
packstones/grainstones (MF5) were deposited in the 
shoals. The rate of bioturbation decreased probably due 
to the high sedimentation rate and increased erosion 
(erosional laminations, cross-bedding, good sorting 
of material).  In such conditions, crinoidal meadows 
and “cryptalgal” or cyanobacterial (Girvanella) mats 
on shoals were episodically destroyed and exported 
to MF2 and MF3. However the energy was not so 
high and thus no microbreccias developed. Material 
was cemented early. Massive rugosa, massive and 
branched tabulata and massive (decimeter up to meter) 
stromatoporoids are abundant in MF6 and indicate the 
presence of a buildup. The shallow-water material was 
transported to the offshore domain (MF4) or to semi-
restricted environments where they were mixed with 
typical lagoonal flora and fauna (MF9). Neither true 
framestones as those of the “Fondry des Chiens” at 
Nismes (Préat et al., 2007; MaMet & Préat, 2009) 
or of Wellin at the south border of the Dinant basin 
(MaMet & Préat, 2005) were identified, nor early 
thick fibrous cements on bioclasts. MF4 and MF6 are 
equivalent to the microfacies of the first biostrome of 
the Trois-Fontaines Fm (Coen-aubert et al., 1986), 
which formed a marker bed along the southern border 
of the Dinant Basin. It probably corresponds to the 
destruction of bioherms similar to those of Nismes and 
Wellin. The restricted environment was dominated by 
nodular cyanophyceans (Bevocastria) and calcispheres 
in subtidal zones (MF9) and by loferites in intertidal 
and supratidal domains (MF11). The sedimentation 
was limited to the protected lagoon isolated from the 
open-marine circulation except during episodic storms, 
which caused the accumulation of thick gastropod 
shells (MF8).  
The general evolution of the sedimentary 
environment is characterized by the shift from open-
marine environment (below storm-wave base) to a 
reefal complex (“first biostrome”), open lagoons and 
peritidal environments near an emerged land. The 
sedimentary model consists of a siliciclastic carbonate 
mid-inner ramp setting (sensu ahr, 1973) developed 
into a carbonate platform (sensu Préat & MaMet, 
1989) due to a gradual relative sea-level fall (Préat et 
al., 2007; MaMet & Préat, 2009).
The key parameter driving this evolution was a 
general increase in the energy, which accompanied the 
relative sea-level fall. The energy was constantly too 
high for the preservation of elementary parasequences 
(5th order sensu van waGoner et al., 1987; vail et al., 
1991). For the same reason no evident parasequence set 
pattern (4th order, ibid.) appears. The only elementary 
parasequence identified is associated with the first 
development of the true carbonate platform setting. 
This parasequence is plurimetric-thick and records 
a subtidal/supratidal shallowing-up evolution of the 
sedimentary environment. This parasequence is the first 
one in the studied succession and probably precedes the 
numerous similar parasequences (“regressive rhythms” 
sensu Préat & MaMet, 1989), which characterize the 
Trois-Fontaines Fm in the Lower Givetian of Belgium 
and Northern France.
Magnetic Susceptibility (X. DevleesChouwer & e. 
PetitClerC)
Whole-core MS logging of deep-sea sediments, mainly 
for high-resolution lithostratigraphic correlation, has 
become a routine procedure during Ocean Drilling 
Program (ODP) cruises since 1986 (bloeMenDal et 
al., 1989). MS data were used mostly for the Quaternary 
sediments to identify glacial and interglacial sequences. 
During the nineties, MS studies were applied to older 
rocks such as the Devonian carbonates of the Tafilalt 
and Mader basins (CriCk et al., 1994) and the Upper 
Devonian (Frasnian-Famennian boundary) in Europe 
(DevleesChouwer, 1999; DevleesChouwer et 
al., 1999; riquier et al., 2010). The changes in the 
flux of detrital material coming into the sedimentary 
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environment represent important cause of the MS 
variations (ellwooD et al., 2000), these are related 
to the changes in the terrigenous clastic material 
supply from the continent to the marine realm (CriCk 
et al., 2001). It is generally explained by sea-level 
oscillations with high MS values during regressions 
where an increase of erosion on exposed continental 
masses can deliver more detrital minerals into the 
marine realm. On the contrary, low MS values are 
recorded during transgressive episodes (CriCk et al., 
1997, 2000, 2001). An increased detrital input to the 
marine domain will enhance the MS signal due to a 
higher abundance of grains of magnetic material. 
Different sources of non-carbonate (mostly terrigenous 
material) are related to riverine (CriCk et al., 2000, 
2001), volcanic activity (Gorbarenko et al., 2002), 
hydrothermal vents (borraDaile & laGroiX, 2000), 
bolide impacts (ellwooD et al., 2003), eolian supply 
(hlaDil, 2002; hlaDil et al., 2006) and products of 
pedogenesis during the formation of paleosols (Chen 
et al., 2005). 
MS logging is considered to be a very useful high-
resolution stratigraphic tool with great potential for 
correlations of sedimentary sequences within the same 
basin in local scale or even between different basins in 
global scale (ellwooD et al., 2001, 2007, 2008). The 
use of the MS logging for the Paleozoic sediments is 
meaningful only with a biostratigraphic control and the 
use of other techniques such as the microfacies. 
Material and methods
In this study, the same samples used for sedimentological 
analyses were sliced into rectangular parallelepiped 
rock pieces. The MS measurements were carried out at 
the Royal Belgian Institute of Natural Sciences using 
MFK1-A susceptometer at room temperature in a low 
AC magnetic field of 400 A/m and at a frequency of 
976 Hz. The MS values of the samples were corrected 
for the susceptibility of the empty plastic holder. 
Each sample was weighted with a precision of 0.01 g, 
measured three times and the results averaged. A mass 
specific low-field MS (XLF) was calculated for each 
sample. The MS is dependent on the mineralogical 
composition of the rock and the amount of the mineral 
phases. It integrates the contribution of the different 
magnetic mineral fractions according to their dia-, 
para- or ferromagnetic s.l. behaviour. Any change in 
the composition, concentration and grain-size of the 
minerals is expressed in the XLF value. This property 
enables using the XLF measurements as a very sensitive 
proxy for the changes in the rock composition. In the 
sedimentary rocks, MS logging records fluctuations in 
the amounts and contributions of diamagnetic (mostly 
quartz, calcite), paramagnetic (mostly clay minerals, 
pyrite and iron carbonates) or ferromagnetic s.l. phases 
(iron oxides and oxyhydroxides, iron-rich sulphides). 
Thus bed-by-bed XLF logging through the section can 
display changes in the flux and/or sources of detrital 
input (anDrews & stravers, 1993; robinson, 1993; 
vanDeraveroet et al., 1999; ellwooD et al., 2000). 
Hysteresis parameter measurements were carried 
out on sixteen samples selected on the entire MS 
measurements, microfacies types and sedimentological 
characteristics. The shape of a hysteresis curve is 
characteristic for each rock with different magnetic 
properties, and shows the ease of magnetising and the 
ability to retain the magnetisation (evans & heller, 
2003). Isothermal magnetisation curves were performed 
at the Geophysical centre of the Royal Meteorological 
Institute using a J-Coercivity “rotation” magnetometer 
developed by Kazan University (burov et al., 1986) 
for rectangular parallelepiped rock pieces placed in a 
small paper box. The magnetising field was increased 
every 0.5 mT from 0 to +500 mT, then decreased to 
zero and further decreased to –500 mT and induced and 
remanent magnetisations were measured at each field 
increase/decrease. Finally, the decay of the isothermal 
remanent magnetisation at 500 mT or IRM500mT was 
monitored for about 100 s.
Magnetic Susceptibility curve
The low-field MS values ranging between -2.42 x 
10-9 and 1.28 x 10-7 m³/kg (Fig. 2) are weak as usually 
observed in most of the carbonate rocks (between 1 x 
10-9 and 1 x 10-7 m³/kg; ellwooD et al., 1999). The 
highest XLF value (1.28 x 10
-7 m³/kg) was measured in 
MF9 corresponding to a restricted lagoonal environment 
of the Trois-Fontaines Fm.  Despite the low XLF values, 
the MS signal varies along the lithological column with 
several MS evolutions (MSE) reported as magnetic 
sequences. Four main MSE, numbered MSE 1 to 
MSE 4, were identified (Fig. 2). MSE 1, beginning at 
the base of the section in the Hanonet Fm, displays a 
gradual increasing XLF trend from 0.75 to 1.12 x 10
-7 
m³/kg. Two moderately elevated values (0.9 x 10-7 m³/
kg) in the samples MH507 and MH508 occurred in the 
middle part of MSE 1. This first magnetic sequence can 
be correlated to the regressive evolution from a quiet 
open-marine environment in the storm-wave zone 
(MF2) to the open-marine fore-shoal environment 
close or within the fair-weather wave zone (MF5). 
MSE 2, characterised by decreasing XLF values from 
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1.12 to 0.056 x 10-7 m³/kg, encompasses the boundary 
interval between the Hanonet and Trois-Fontaines 
formations. A transition from semi-restricted back-reef 
(MF6) at the base of MSE 2 to open-marine fore-reef 
environment (MF4) may represent a small transgressive 
pulse. Relatively stable conditions in the open-marine 
environment characterised by the microfacies MF3 and 
MF4 are mirrored in the second half of MSE 2. MSE 
3 (defined by four samples) corresponds to the first 
biostrome of the Trois-Fontaines Fm. MSE 3 contains 
very low XLF values (below 0.11 x 10
-7 m³/kg). Finally, 
MSE 4 shows significantly high-amplitude oscillations 
in the XLF values (mean value: 0.82 x 10
-7 m³/kg) with 
several peaks (above 1.0 x 10-7 m³/kg) observed in MF 9 
(restricted lagoonal environment) and MF11 (restricted 
lagoonal environment close to the emersion). 
High MS values were also reported from the 
sediments of the Couvin Fm (Eifelian) in Unit 5 at the 
Eau-Noire section and in Unit B at the Villers-la-Tour 
section in Belgium (Mabille et al., 2007). For these 
authors, the upper part of the Couvin Fm in the Abîme 
Member consists of micritic mudstone and wackestone 
with calcispherids, ostracods and fenestrae (MF13) 
and well-sorted peloidal grainstones representing 
MF14. These microfacies are indicative of intertidal 
and restricted lagoonal conditions in a platform model 
with peaks in the MS (mean value: 1.049 x 10-7 m³/
kg) observed only in MF13 and related to a strong 
terrigeneous influx (Mabille et al., 2007). It must be 
noticed that MF13 in the Eau-Noire section display 
MS values ranging beween 3.5 and 16 x 10-8 m³/kg. 
In the Eau Noire and Villers-la-Tour sections, MF14 is 
characterised by very low MS values (mean value: 9.25 
x 10-9 m³/kg), which was interpreted by Mabille et al. 
(2007) as a consequence of permanent wave agitation 
preventing the settling of fine detrital particles. Similar 
conclusions have been proposed for microfacies MFa11 
(mean value: 12.14 x 10-8 m³/kg) and MFa12 (mean 
value: 3.94 x 10-8 m³/kg) of the lagoonal sediments 
of the Trois-Fontaines Fm at the Baileux section 
(Mabille & boulvain, 2008). These interpretations 
were based only on sedimentological characteristics 
without any information on the type or grain-size of 
the magnetic minerals carrying the XLF signal. MF13 
in the Couvin Fm platform model corresponds to MF9 
and MF11 defined here in the Mont d’Haurs section. 
Restricted and intertidal lagoonal sediments are thus 
charaterized by very strong XLF values, which must be 
studied more in detail to identify the magnetic minerals 
and their grain-size distribution.
A drop in the XLF values was observed in the last 
sample of the Mont d’Haurs section (lowest value: 
-2.42 x 10-9 m³/kg) and it might represent a base of 
another MSE. This last MSE is only outlined here 
because it would be based only on one sample. This 
strong decreasing trend indicates the return to open-
marine fore-reef environment (MF4). 
Comparison of microfacies and XLF curves
The XLF and microfacies logs show a generally good 
correlative pattern along the Mont d’Haurs section 
(Fig. 2). There is only one exception at the base of 
MSE 3 where the XLF values are weak without any 
fluctuations and do not follow the change from MF4 
to MF6 observed in the microfacies. The mean XLF 
values with their standard deviations are plotted against 
microfacies (Fig. 3). The number of samples (n) is also 
added to each microfacies. A linear regression between 
XLF and microfacies (line with black triangles, Fig. 
3) shows the coefficient of determination R²=0.44 
(indicating that 44% of the variability in the data is 
explained by this model). The correlation coefficient 
r=0.66 indicates a moderately positive correlation 
between these two parameters. The average XLF value 
decreases from 0.68 x 10-7 m³/kg for MF2 to 0.198 x 
10-7 m³/kg for MF4 in the open-marine environment. 
The average XLF value of MF5 is higher (0.644 x 10
-7 
m³/kg) and corresponds to the fore-shoal environment 
close to the fair-weather-wave base. A progressive 
increase in the average XLF value is then observed 
from back-reef MF6 (mean value: 0.48 x 10-7 m³/kg) to 
restricted lagoonal environment close to the emerged 
surface or MF11 (mean value: 1.066 x 10-7 m³/kg).
These microfacies correspond to the mixing between 
the microfacies standard sequence (MF1 – MF10 
sensu Préat & kasiMi, 1995) of the Eifelian-Givetian 
boundary interval mixed siliciclastic-carbonate ramp 
and the microfacies standard sequence (MF1 – MF12 
sensu Préat & MaMet, 1989) of the Givetian carbonate 
platform. Following these two standard sequences, 
the section could be subdivided into two sequences. 
The microfacies MF1 to MF6 of the Hanonet Fm and 
the base of the Trois-Fontaines Fm have a very weak 
linear correlation (dashed line with black squares, 
Fig. 3) with the square of the correlation coefficient 
R²=0.07, which means that 7 % of the variability in the 
data are explained by this model. This result implies a 
correlation coefficient (r=0.26) indicating a very weak 
positive correlation. This is indicative that there is no 
clear link between the microfacies and the XLF values. 
On the contrary, a linear regression (dashed line with 
black circles, Fig. 3) calculated for the average XLF 
values for MF8, MF9 and MF11 in restricted lagoonal 
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Fig. 3  –  The mean low-field MS values plotted against microfacies in the Mont d’Haurs section. Three linear regression 
lines and models are figured: black line with black triangles represents the model for the whole section; dashed 
line with black squares represents the microfacies in the ramp setting whereas the dashed line with black circles 
represents the microfacies of the carbonate platform setting of the Trois-Fontaines Formation. The coefficient of 
determination R² is assigned to each linear regression model.
environment and the last sample (XLF value: -2.42 x 10
-9 
m³/kg), representing a fore-reef environment (MF4), 
reached a very high squared correlation coefficient 
(R2=0.98). This last linear regression model has a 
correlation coefficient (r=0.99) representing a very 
strong positive correlation between the microfacies and 
the XLF. To sum up, these results demonstrate a strong 
positive correlation between microfacies and XLF 
values in the lagoonal facies in the carbonate platform 
of the Trois-Fontaines Fm and the very weak and anti-
correlated link between the microfacies (MF1 to MF6) 
and the XLF values in the mixed siliciclastic-carbonate 
ramp of the Hanonet Fm.   
The MS is probably strongly influenced by the 
depositional profile, lithogenic input, sedimentation rate 
and water agitation during deposition and diagenesis 
(Da silva et al., 2009). These authors have presented 
microfacies and depositional profiles of the Eifelian-
Givetian boundary interval in a mixed ramp (Hanonet 
Fm, La Couvinoise section) and distal platform 
(Hanonet Fm, Baileux section) settings. These sections 
are characterised by different average MS values along 
a distal-proximal profiles: 1°) the mixed ramp has much 
more higher values in the outer part compared to the low 
MS values in the middle and inner part of the ramp, 2°) 
the platform has the highest MS values in the lagoonal 
floatstone facies with branching corals (microfacies b7, 
Da silva et al., 2009). The average XLF value along 
the distal-proximal profile of the Mont d’Haurs section 
cannot be easily compared to these two other profiles. 
The XLF values of the Mont d’Haurs section are more 
or less similar to those of the outer and mid-ramp 
environments of the La Couvinoise section. However, 
the average XLF values are much higher here in the mid-
ramp facies (MF5; 6.44 x 10-8 m³/kg) underlined by a 
high peak in the profile instead of gradual increasing 
trend in the mid-inner ramp facies ranging from 2.6 to 
4.8 x 10-8 m³/kg like in the La Couvinoise section (Da 
silva et al., 2009). 
For the microfacies observed in restricted lagoonal 
environment of the internal carbonate platform of the 
Trois-Fontaines Fm at the Mont d’Haurs section, high 
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average XLF values characterise the microfacies MF8, 
MF9 and MF11 indicating a gradual increase from 6.11 
to 10.66 x 10-8 m³/kg. These data seem to be similar to 
the average MS values along the distal-proximal profile 
characteristic for the lagoonal microfacies a4-a6 of the 
internal part of the Frasnian carbonate platform (Da 
silva et al., 2009). It is obviously different from the 
microfacies b5, b6 and b8 described in the internal part 
of the Eifelian-Givetian boundary interval platform 
(Baileux section), which are characterised by low MS 
values (below 4.0 x 10-8 m³/kg) and from microfacies 
b7, floatstone with branching corals, representing an 
abrupt rise to 9.3 x 10-8 m³/kg (Da silva et al., 2009). 
Evidently, the Mont d’Haurs section data presented 
here reveals higher XLF values and a stronger linear 
increasing trend along the  microfacies of the Trois-
Fontaines lagoonal environment compared to those of 
the Frasnian platform. 
The Hanonet Fm and Trois-Fontaines Fm of the 
Baileux section have a thickness respectively of 95 
and 91 meters (Mabille & boulvain, 2008). The 
authors subdivided these 186 meters into 9 magnetic 
susceptibility evolutions. Based on the range of the XLF 
values and the evolution of the MS log, the magnetic 
sequences three to seven in the Baileux section could 
be correlated to all the magnetic sequence described 
here in the Mont d’Haurs section (MSE 1 to MSE 
4). Surprisingly, the measured thickness for the Mont 
d’Haurs section corresponds to 24.7 meters, which 
could correspond to 113 meters in the Baileux section 
for the same stratigraphic interval. If this postulate is 
correct, a high-resolution stratigraphic correlation is 
thus proposed for the Mont d’Haurs section and the 40 
km-distant Baileux section. The thickness difference 
corresponds mostly to the base of the Trois-Fontaines 
Fm in the Baileux section where the crinoidal sole, the 
biostromal unit and the base of the lagoonal unit are 
thicker, pointing out important lateral variations within 
the Trois-Fontaines Fm.
Magnetic mineralogy
The XLF data were coupled to twenty-four magnetic 
hysteresis measurements to identify the magnetic 
minerals carrying the XLF signal and their grain-size. 
Hysteresis parameters, calculated from the hysteresis 
curves, indicate that the MS signal is strongly 
controlled by ferromagnetic s.l. minerals (i.e. a mixture 
of magnetite and a significant contribution of a high-
coercivity phase, which might be hematite or goethite) 
with a minor contribution of paramagnetic grains. The 
XLF curve is also controlled by the ferromagnetic s.l. 
grains in the limestones at the top of the Fromelennes 
Fm close to the Givetian-Frasnian boundary in the 
Nismes section, Belgium (DevleesChouwer et al., 
2010). The transition from the mixed mid- to inner ramp 
environment to the restricted lagoon in the carbonate 
platform is accompanied by a sea-level fall and an input 
of coarse-grained ferromagnetic s.l. minerals (probably 
of detrital origin). 
In general, 6.11 to 16.60 % of the IRM500mT lost 
within one hundred seconds indicate the occurrence of 
superparamagnetic and/or viscous grains, which might 
be rather of diagenetic than of detrital origin. The IRM 
loss is higher in the lagoonal sediments (mean value 
of 13.73 %) compared to the base of the section in the 
open-marine mid-ramp environment (mean value of 
8.96 %). The normalized magnetic viscosity coefficient 
(Sd) shows an increasing trend from a mean value of 
0.03 at the base of the section towards the highest value 
of 0.45 in the lagoonal sediments of the Trois-Fontaines 
Fm at the top of the section where the XLF values are also 
the strongest. This increasing trend of the Sd and IRM 
loss parameter characterizes the whole section. These 
results seem to correlate with a significant abundance 
of ultrafine-grained grains, probably of magnetite type, 
close to the superparamagnetic (SP) / single domain 
(SD) grain-size (commonly accepted boundary size of 
30 nm; DunloP, 2002) as already reported from the 
limestones of the Fromelennes Fm (DevleesChouwer 
et al., 2010) and the Devonian platform carbonates of the 
Rhenish massif (ZwinG et al., 2005). The neoformation 
of large SP magnetite grains most likely as a by-product 
during the conversion of smectite into illite is proposed 
for the Devonian remagnetized limestones in the 
Ardennes fold-and-thrust belt (ZeGers et al., 2003). 
The occurrence of authigenic magnetite SP grains as a 
product of a chemical remanent magnetization (CRM) 
process clearly indicates that diagenesis has affected 
and modified the magnetic signature of these carbonates 
after deposition. 
Ostracods (J.-G. Casier)
Material and methods
Twenty-six  samples of about 500 g each were 
collected in the section. All samples were crushed by 
a hydraulic press and about 100 g of each samples was 
processed using 99.8% glacial acetic acid, at nearly 90 
°C, for four days at a rate of eight hours a day. This 
mode of extraction, called hot acetolysis method, was 
described by lethiers & Crasquin-soleau (1988). 
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The residues were sieved on 250 µm and 1600 µm 
mesh screens. The process was repeated two times for 
the majority of samples, and three times for samples 
MH-499, 523, 525, 531, 533, 538, 543, 604, 608, 610 
and 612. Approximatively 870 carapaces, valves and 
fragments of ostracods identifiable at any taxonomic 
level were thus extracted from the Hanonet Fm and 
Trois-Fontaines Fm. The stratigraphic position of  the 
collected ostracods is shown in the Fig. 2.
Systematic position of the ostracod species 
orDer lePerDitiCoPiDa sCott, 1961
Leperditicopida indet. 
 
orDer PalaeoCoPiDa henninGsMoen, 1953
Suborder Palaeocopina henninGsMoen, 1953
Superfamily Kirkbyoidea ulriCh & bassler, 1906
Family Amphissitidae kniGht, 1928
Amphissites tener omphalotus beCker, 1964
Pl. 1, Fig. 1
Superfamily Hollinoidea swartZ, 1936
Famille Hollinidae swartZ, 1936
Parabolbinella coeni nov. sp.
Fig. 4 in text, Pl. 1, Fig. 2, 
Superfamily Beyrichioidea Matthew, 1886
Family Beyrichidae Matthew, 1886
Kozlowskiella sp. C in Casier et al. (1994)
Pl. 1, Fig. 3
Superfamily Aparchitoidea Jones, 1901
Family Aparchitidae Jones, 1901
Aparchites sp. A in Casier et al. (2010)
Pl. 1, Fig. 7
 
Family Rozhdestvenskayitidae MC Gill, 1966
Fellerites crumena (kuMMerow, 1953)
Pl. 1, Fig. 4
Superfamily Primitiopsoidea swartZ, 1936
Family Primitiopsidae swartZ, 1936
Kielciella cf. fastigans (beCker, 1964)
Pl. 1, Fig. 5
Parapribylites hanaicus Pokorny, 1950
Pl. 1, Fig. 6 
Coryellina? audiarti nov. sp.
Pl. 1, Figs 8-10 
Urftella adamczacki beCker, 1970
Pl. 1, Fig. 11
Family Scrobiculidae Posner, 1951
Roundyella patagiata (beCker, 1964)
Pl. 1, Fig. 13
?Family Buregiidae Polenova, 1953
Buregia ovata (kuMMerow, 1953)
Pl. 1, Fig.15
Super-family unknown
Family Kirkbyellidae sohn, 1961
Refrathella struvei beCker, 1967
Pl. 1, Fig. 12
Suborder Paraparchiticopina GraMM in GraMM & ivanov 
(1975)
Superfamily Paraparchitoidea sCott, 1959
Family Paraparchitidae sCott, 1959
Coeloenellina minima (kuMMerow, 1953)
Pl. 1, Fig. 16
Coeloenellina n. sp. A, aff. minima (kuMMerow, 1953)
sensu Casier & Préat (1991)
Pl. 1, Fig.17
Coeloenellina? sp. indet.
Pl. 1, Fig. 18
Samarella cf. laevinodosa beCker, 1964
Pl. 1, Fig. 14
Suborder Platycopina SARS, 1866
Superfamily Kloedenelloidea ulriCh & bassler, 1908
Family Kloedenellidae ulriCh & bassler, 1908
Poloniella tertia kröMMelbein, 1953
Pl. 2, Fig. 1
Poloniella cf. claviformis (kuMMerow, 1953)
Pl. 2, Fig. 2
Uchtovia kloedenellides (ADaMCZak, 1968)
Pl. 2, Fig. 7
Uchtovia abundans (Pokorny, 1950).
Pl. 2, Figs 8-9
Family Beyrichiopsidae henninGsMoen, 1953
Marginia cf. sculpta multicostata Polenova, 1953
Pl. 2, Fig. 3 
Superfamily Cytherelloidea sars, 1866
Family Cavellinidae eGorov, 1950
Cavellina macella (kuMMerow, 1953)?
Pl. 2, Fig. 4
Cavellina haursensis nov. sp.
Pl. 2, Figs 5-6
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orDer PoDoCoPiDa sars, 1866
Suborder Metacopina sylvester-braDley, 1961 
Superfamily Thlipsuroidea ulriCh, 1894
Family Thlipsuridae ulriCh, 1894
Svantovites primus Pokorny, 1950
Pl. 2, Figs 10-11
Jefina romei COEN, 1985?
Pl. 2, Fig. 12
Family Bufinidae sohn & stover, 1961
Bufina schaderthalensis ZaGora, 1968
Pl. 2, Fig. 13
Family Ropolonellidae Coryell & Malkin, 1936
Ropolonellus ketneri (Pokorny, 1950)
Pl. 2, Fig. 14
Superfamily Healdioidea harlton, 1933
Family Healdiidae harlton, 1933
Cytherellina obliqua (kuMMerow, 1953) 
Pl. 2, Fig. 15
Cytherellina perlonga (kuMMerow, 1953)
Pl. 2, Fig. 17
Cytherellina? cf. brassicalis beCker, 1965 
Pl. 2, Fig. 16
Cytherellina sp. A
Pl. 3, Fig. 1
Cytherellina? sp. indet.
Pl. 3, Fig. 2
Suborder Podocopina sars,1866
Superfamily Bairdiocypridoidea shaver, 1961
Family Bairdiocyprididae shaver, 1961 
Healdianella sp. A, aff. budensis oleMPska, 1979
Pl. 3, Fig. 3
Bairdiocypris rauffi kröMMelbein, 1952
Pl. 3, Fig. 4
Bairdiocypris cf. symmetrica (kuMMerow, 1953)
Pl. 3, Fig. 5
Bairdiocypris sp. A, aff. eifliensis (keGel, 1928)
Pl. 3, Fig. 6
Baschkirina sp. B in Casier et al. (1992)?
Pl. 3, Fig. 7
Family Bairdiocyprididae shaver, 1961?
“Orthocypris” sp. in Casier et al. (1995)
Pl. 3, Fig. 8
Family Pachydomellidae berDan & sohn, 1961
Microcheilinella affinis Polenova, 1955
Pl. 3, Fig. 9
Tubulibairdia clava (keGel, 1933)
Pl. 3, Fig. 10
Superfamily Bairdioidea sars, 1888
Family Acratiidae GrünDel, 1962
Acratia sp. A , aff. Cechelovites cultratus Pokorny, 1950
Pl. 3, Fig. 11
Family Bairdiidae sars, 1888
Bairdia paffrathensis kuMMerow, 1953
Pl. 3, Fig. 12
Bairdia cf. tischendorfi beCker, 1965
Pl. 3, Fig. 14
Bairdia cf. carinata Polenova, 1960, sensu Coen (1985)
Pl. 3, Fig. 13
Bairdia sp. A
Pl. 3, Fig. 15
Bairdia sp. B
Pl. 3, Fig. 16
Bairdiacypris antiqua (Pokorny, 1950)
Pl. 3, Fig. 17
orDer eriDostraCa aDaMCZak, 1961
Family Cryptophyllidae aDaMCZak, 1961
Cryptophyllus sp. indet.
Pl. 3, Fig. 18
Description of three new species 
Parabolbinella coeni nov. sp. 
Fig. 4 in text; Pl. 1, Fig. 2 
? p 1969
v .  1985
   .    1988
v .  1990
v .  1991
v . 1992
v . 1993
v . 1995
v . 2010
Falsipollex sp. - Groos, Pl. 18, Figs 11, 12.
Falsipollex? sp. - Coen, p. 9, Pl. 1, Fig. 5.
Falsipollex? sp 3G - Milhau, p. 486, Pl. 55, Fig. 10.
Parabolbinella? sp. - Casier & Préat, p. 83, 84, Pl. 
1, Fig. 8.
Falsipollex? sp 3G Milhau, 1988 - Casier & Préat, 
Pl. 1, Fig. 8.
Falsipollex sp 3G Milhau, 1988 - Casier et al.,  Pl. 
1, Fig. 8.
Falsipollex sp 3G Milhau, 1988 - kasiMi, table 13-
15, Pl. 16, Figs. 14, 15.
Falsipollex? sp 3G Milhau, 1988 - Casier et al.,  Pl. 
64, Fig. 6
Parabolbinella nov. sp. A (= Falsipollex? sp. 3G in 
Milhau (1988)) - Casier et al., Pl. 4, Fig. 4.
—
—
—
—
—
—
—
—
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Parabolbinella cf. postaculeata aDaMCZak, 1968 - 
Maillet, Pl. 3, Figs; 16, 17.  
 
Fig. 4   –  Parabolbinella coeni nov. sp. A. Paratype A, x80; B. Holotype, x80; C, D. Paratype B in a right lateral and 
dorsal view, x100. 
spine. Heteromorph with a long narrow frill. Surface 
papillose.    
Description 
Relatively large preplete bilobed Hollinidae swartZ, 
1936, with a straight dorsal border. Anterior cardinal 
angle ranging from 105° up to 125°. Posterior cardinal 
angle ranging from 90° to 105° occasionally with a 
spine directed upwards. It might occur only on the left 
valve. Anterior margin more rounded than the posterior 
margin. Ventral border regularly curved. Great length 
between half and 1/3 of the great height toward the 
dorsal margin. The latter is located at 2/5 of the length. 
Well rounded large posterior lobe (L3) reaching the 
dorsal border in lateral view. Anterior lobe (L2) slightly 
elliptic with the major axis perpendicular to great length 
and located well below the dorsal border in lateral 
view. Anterior and posterior lobes joint by a ventral 
lobe delimiting a relatively deep adductorial sulcus. A 
great width of the carapace corresponds to the anterior 
lobes. Tecnomorphs with two adventral spurs on each 
valve, the first one in the antero-ventral sector close to 
the 1/6 of the length, the second one in the postero-
ventral sector, close the 3/5 of the length. Heteromorph 
larger with a narrow frill extending from the anterior 
cardinal angle to the 1/4 posterior of the carapace. The 
ornamentation is finely papillose but rarely preserved.  
Remarks
The presence of a spine close to the posterior cardinal 
Derivatio nominis
The species is dedicated to Michel Coen who studied 
ostracods from the Mont d’Haurs.
Types 
Holotype: Left valve of a heteromorph (Fig. 4B in text 
= pl. 1, fig. 5 in Coen, 1985), left bank of the Houille 
River at  Fromelennes, Fromelennes Fm, IRScNB n° 
b5455, L = 0.91; H = 0.46 mm. Paratype A: Left valve 
of a tecnomorph (Fig 4A in text = pl. 1, fig. 8 in Casier 
et al., 1992), La Couvinoise Quarry, Ha 13, Hanonet 
Fm, IRScNB n° b 2477, L = 0.89 mm; H = 0.47 mm. 
Paratype B: Carapace of a juvenile (Fig 4C, 4D  in text 
= pl. 64, fig. 6 in Casier et al., 1995), Glageon Quarry, 
Trois-Fontaines Fm, IRScNB n° b 2691, L = 0.69 mm; 
H = 0.39; W = 0.33 mm.   
Material 
Twenty  valves and one carapace from La Couvinoise 
and Resteigne quarries (Belgium), Mont d’Haurs 
(Ardennes, France) and Glageon Quarry (Avesnois, 
France). 
Diagnosis
Parabolbinella aDaMCZak, 1968 with a well-rounded 
large L3 and an elliptic L2 perpendicular to the dorsal 
border. Posterior cardinal angle possibly with a 
2010 —
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angle is maybe linked to the low-energy environment. 
Several species belonging e.g. to the Thlipsuridae 
ulriCh, 1894, (e.g., in the genera Favulella, 
Polyzygia, Svantovites…) posses spiny subspecies (or 
ecotypes) in calm deep settings (Casier,  et al., 2010). 
But the absence of the spine on many carapaces of 
Parabolbinella coeni nov. sp. is maybe due to the poor 
preservation.
Parabolbinella coeni nov. sp. has been frequently 
assigned to the genus Falsipollex keslinG & MC 
Millan, 1951, but , firstly, in that genus the adventral 
spurs of tecnomorphs and the frills of heteromorphs 
are considerably more developed, secondly, the 
anterior (L2) and posterior (L3) lobes extend largely 
above the dorsal border in lateral view. The species 
is close to Parabolbinella sufflatus (beCker, 1964) 
from the Middle Devonian in Eifel (Germany) 
but in that larger species, the ventral lobe is more 
developed. Parabolbinella coeni nov. sp. is also close 
to Parabolbinella anteaculeata aDaMCZak, 1968, and 
to Parabolbinella postaculeata aDaMCZak, 1968 from 
the Middle Devonian in the Holy Cross Mountains 
(Poland) but in these two species the frill is larger and 
never exceeds the mid-length.
Some specimens from the Givetian of the Bergischen 
Land and Sauerland (Germany) assigned to the genus 
Falsipollex by Groos (1969, Pl. 18, Fig. 11, 12, not 
Fig. 20, 21) might be referred to P. coeni nov. sp.  
The holotype formerly assigned with doubt to the 
genus Falsipollex by Coen (1985) has been collected 
from the base of the Fromelennes Fm outcropping on 
the left bank of the Houilles River at Fromelennes. 
The specimens figured by Maillet (2010) have been 
collected in the same formation in the Flohimont section 
also at Fromelennes. Falsipollex? sp 3G of Milhau 
(1988) was extracted from the Blacourt Fm in the Griset 
Quarry (Boulonnais, France). The Parabolbinella? 
sp. and the Falsipollex? sp 3G figured by Casier & 
Préat (1990, 1991), came from the Resteigne Quarry 
(Belgium). Casier et al (1992, 1995) mentioned also 
the presence of P. coeni nov. sp. in the La Couvinoise 
Quarry (Belgium) and in the Glageon Quarry (Avesnois, 
France). Finally, kasiMi (1993) recognized the species 
in the Wellin Quarry and in the On-Jemelle Quarry 
(Belgium). In the Mont d’Haurs the new species is 
known from the upper part of the Hanonet Fm (Early 
Givetian) to the Mont d’Haurs Fm (study in progress).
Occurrence
Late Eifelian (Hanonet Fm) to Givetian (Hanonet Fm 
to Fromelennes Fm); Dinant Synclinorium (France and 
Belgium). Givetian of the Boulonnais (France).  
Coryellina? audiarti nov. sp.
Pl. 1, Figs 8-10
?   1964 Coryellina sp. G - MaGne, Pl. 16, Fig. 30a, b. 
v . 1974 Coryellina sp. G. MaGne, 1964 - beCker & bless,  
Pl. 7, Fig. 4a, b. 
v . 1990 Fellerites sp. A - Casier & Préat, p. 85, Pl. 1, Fig. 15, 
16.
v . 1991 Coryellina? sp. A - Casier & Préat, Pl. 1, Fig. 21. 
v . 1995 Fellerites  sp. - Casier et al., Pl. 64, Fig. 10.
Derivatio nominis
The species is dedicated to Jacques Audiart who 
participated in our work at the Mont d’Haurs. 
Types
Holotype: Carapace (Pl. 1, Figs 8a, b), MH-503, 
Hanonet Fm, IRScNB n° b5404, L = 0.62 mm; 
H = 0.40 mm; W = 0.31 mm. Paratype A: Carapace 
(Pl. 1, Fig. 9), MH-501, Hanonet Fm, IRScNB n° b5405, 
L = 0.57; H = 0.37; W = 0.30. Paratype B: Carapace 
(Pl. 1, Fig. 10), MH-501, Hanonet Fm, IRScNB n° b5406, 
L = 0.67; H = 0.43; W = 0.30.
Material
Eighteen carapaces and several valves. Six carapaces 
from the studied section, the others from Glageon 
(Avesnois, France) and Resteigne (Belgium).
Diagnosis
Middle-sized ostracod characterized by an angular 
dorsal border, by a straight hinge line in a long and 
narrow depression, and by a thin ridge along the free 
margin of both valves. No sulcus and no spines.    
Description
Medium-sized amplete ostracod. Dorsal border angular 
with the summit of the 170° angle close to mid-length. 
Curvature of the anterior margin more accentuate 
dorsally with the anterior extremity at the 2/5 of the 
great height toward the dorsal margin. Posterior border 
more regularly rounded with the posterior extremity at 
mid-height. Ventral border slightly more curved in the 
anterior sector. Great length is achieved between half 
and 2/5 of the great height toward the dorsal margin. 
This one is located at mid-length. Left valve slightly 
larger than the right one and projecting along the free 
border, and occasionally along the dorsal border. Elliptic 
in dorsal view and straight hinge line in a long narrow 
depression. Thin ridge along the free margin of both 
valves. Great width at mid-length. Carapace smooth. 
Sexual dimorphism marked by a slight posterior 
thickening of the carapaces. 
—
—
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Remarks
The Coryellina sp. G. MaGne, 1964 figured by beCker 
& bless (1974) has been collected from the Terres 
d’Haurs Fm, at the Mont d’Haurs. The specimens 
assigned to Fellerites sp. A and to Coryellina? sp. A by 
Casier & Préat (1990, 1991) come from the Hanonet 
Fm and from the Mont d’Haurs Fm in the Resteigne 
Quarry, Belgium. The Fellerites sp. referred by Casier 
et al. (1995) was extracted from the Trois-Fontaines 
Fm at Glageon, in the Avesnois, France. 
Coryellina curta (Polenova in roZhDestven-
sakJa, 1959) from Baschkiria (Russian Federation) and 
the specimens from the Terres d’Haurs Fm and from 
the Mont d’Haurs Fm at the Mont d’Haurs, assigned 
to this species by Coen (1985) posses more inflated 
valves, a broader dorsal depression, occasionally round 
tubercles close to the posterior extremity, and a more 
pronounced dimorphism. In fact, all these features (and 
occasionally the presence of a posterior spine on each 
valve) can bee seen in most of species assigned to the 
genus Coryellina braDfielD, 1935. 
The Coryellina cybaea (roZhDestvensakJa, 1959) 
identified by Coen (1985) in a sample collected in the 
base of the Fromelennes Fm at Philippeville posseses a 
medio-dorsal sinus, and a spine in the postero-ventral 
sector of the carapace. 
The Coryellina sp. G figured by MaGne (1964) is 
too poorly preserved to be unambiguously assigned to 
Coryellina? audiarti nov. sp. 
Occurrence
Givetian (Hanonet Fm to Mont d’Haurs Fm); Dinant 
Synclinorium (France and Belgium). 
  
Cavellina haursensis nov. sp.
Pl. 2, Figs 5-6
v .  2010  — Cavellina sp. indet. - Casier et al., Table 1, Pl. 5, 
 Fig. 11.
Derivatio nominis
From Mont d’Haurs, the type section of the new 
species. 
 
Types
Holotype: Carapace (Pl. 2, Figs 5a, b), MH-523, Hanonet 
Fm, IRScNB n° b5419, L = 0.84 mm; H  = 0.49 mm; 
W = 0.43 mm. Paratype A: Carapace (Pl. 2, Fig. 6), MH-
527, Hanonet Fm, IRScNB n° b5420, L = 0.93; H = 0.42; 
W = 0.33. Paratype B: Carapace, MH-527, Hanonet 
Fm, IRScNB n° b5421, L = 0.66; H = 0.41; W = 0.35.
Material
Five carapaces and two valves in the studied section, 
and one carapace in the Trois-Fontaines Fm exposed in 
the Rancennes Quarry at the Mont d’Haurs.
Diagnosis
Postplete pentagonal Cavellina Coryell, 1928, with 
an angulose dorsal border. In left lateral view, right 
valve projecting slightly along the whole free margin 
and dorsal border.
Description
Relatively large postplete pentagonal Cavellina 
Coryell, 1928. Dorsal border more or less angular 
with the summit of the 150° angle close the 2/5 of the 
great length toward the posteror margin. Ventral margin 
quasi straight. Anterior part of the dorsal border almost 
straight. Anterior margin more rounded ventrally, and 
forming an angle with the dorsal border at the 1/10 
of length and 1/3 of the height. Anterior extremity at 
the 1/4 of the great height toward the ventral margin. 
Posterior part of the dorsal border slightly curved and in 
continuity with more curved posterior border. Posterior 
extremity slightly below mid-height. Great length at 
the ventral 1/3 of the great height toward the ventral 
margin, and great hight at the 2/5 of the great length 
toward posterior margin. Right valve larger than left 
valve and projecting slightly along whole free margin 
and the dorsal border. Slight thickening of valves 
along the anterior and posterior margins. Biconvex in 
a dorsal view with the great width slightly posterior to 
the mid-length. Anterior extremity more rounded than 
the posterior one. Carapace smooth.   
Remarks
Cavellina haursensis nov. sp. is closely related to 
Cavellina wahlensis Coen, 1985 and to Cavellina 
macella kuMMerow, 1953 occuring also at the Mont 
d’Haurs. In these two species, the great high of the 
carapace is located close to the mid-length and there 
is no discontinuity between the dorsal border and the 
anterior border. Consequently these latter two species 
are more symmetric in lateral view than Cavellina 
haursensis. 
Occurrence
Givetian (Hanonet Fm and Trois-Fontaines Fm); Dinant 
Synclinorium (France). 
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Distribution of ostracods (Table 1)
Ostracods are not abundant in the studied section and 
the diversity is variable. Forty-eight species were 
identified. Abundance varie mostly from one to ten 
specimens per 10 g sorted after the acetolysis. In five 
samples collected in the Hanonet Fm, the abundance 
varies from ten to twenty specimens per sample (MH-
501, 502, 503, 505 and 507). In total, six samples from 
twenty-six (mostly from the top of the Hanonet Fm), 
were barren (MH-533, 536, 537, 538, 541, 607). A 
monospecific assemblage occurs in the sample MH-
612 from the Trois-Fontaines Fm.
Paleoecology of ostracods
The ostracods collected in the section belong to the 
Eifelian Mega-Assemblage indicative of shallow 
marine, semi-restricted or lagoonal environments. 
The first sample collected at the basal parts of the 
Hanonet Fm exposed in the studied section (sample 
MH-499) is poorly diversified and dominated by the 
large thick-shelled genus Tubulibairdia swartZ, 
1936. This assemblage is indicative of an agitated 
environment close to the fair-weather wave base. 
Above, the fauna is more diversified up to the sample 
MH-507. For example, 23 species were identified in 
the sample MH-503. In this sample, the Platycopina, 
the Palaeocopina and the Metacopina are represented 
each by 5 species, and the Podocopina by 8 species. 
The large thick shelled genera Tubulibairdia swartZ, 
1936, and Bairdiocypis keGel, 1932, also occur. This 
assemblage is indicative of a calm and well-oxygenated 
marine environment below fair-weather wave base. 
Abundance and diversity of ostracods decrease in the 
interval straddling the boundary between the Hanonet 
Fm and the Trois-Fontaines Fm and the Podocopina 
dominate. For instance, half the ostracod species 
belongs to the Podocopina in the samples MH-507 and 
MH-523. This is newly indicative of well-oxygenated 
relatively shallow-water conditions closer to fair-
weather wave base. Ostracods are absent or broken 
and thus indeterminable in the following samples 
MH-531 to sample MH-541. The higher energy of 
the environment is probably responsible for poor 
preservation of these ostracods. The samples MH-543 
and MH-608 collected in the Trois-Fontaines Fm are 
very rich in fragments of ostracods, which also point to 
the increased energy of the environment. Occurrence 
of Leperditicopid ostracods in thin section from the 
sample MH-611 is indicative of lagoonal conditions. 
Finally, the last sample (MH-612) includes numerous 
specimens of Coeloenellina Polenova, 1952. The 
monospecific sample is indicative of a semi-restricted 
environments. These restricted water and even true 
lagoonal conditions characterized the middle and 
upper parts of the Trois-Fontaines Fm in the Rancennes 
Quarry  (Casier et al., 2010).  
 
Comparisons with ostracods previously identified at 
the Mont d’Haurs and other sections 
On a poster presented during the 1st International 
Paleobiogeography Symposium held in Paris, Milhau 
in hubert et al. (2007) reported 25 ostracod species 
in the Hanonet Fm and Trois-Fontaines Fm: Bufina 
schaderthalensis ZaGora, 1968, Ropolonellus kettneri 
(Pokorny, 1950), Poloniella tertia kröMMelbein, 
1953, Urftella adamczaki beCker, 1970, Quasillites 
fromelennensis kuMMerow, 1953, Cytherellina 
obliqua (kuMMerow, 1953), Uchtovia refrathensis 
(kröMMelbein, 1954), Bairdiocypris symmetrica 
(kuMMerow, 1953), Amphicostella sculpturata 
(Pokorny, 1950), Bairdia paffrathensis kuMMerow, 
1953, Buregia ovata (kuMMerow, 1953), Tubulibairdia 
seminalis (kuMMerow, 1953), Uchtovia abundans 
(Pokorny, 1950), Refrathella struvei beCker, 1967, 
Microcheilinella affinis Polenova, 1955, Amphissites 
tener omphalotus beCker, 1964, Zeuschnerina 
dispar aDaMCZak, 1976,  Cytherellina groosae 
Coen, 1985, Samarella leavinodosa beCker, 1964, 
Tubulibairdia clava (keGel, 1933), Bairdiocypris 
rauffi kröMMelbein, 1952, Uchtovia kloedenellides 
(aDaMCZak, 1968), Svantovites primus Pokorny, 
1950, Roundyella patagiata beCker, 1964, Jenningsina 
heddebauti Milhau, 1983. 
In this paper 18 of 25 species reported by Milhau 
in hubert et al. (2007) were identified but it should be 
considered that Samarella cf. laevinodosa and Bairdio-
cypris cf. symmetrica reported herein correspond to 
Samarella laevinodosa and Bairdiocypris  symmetrica 
of Milhau (ibid.). 
We did not find either Amphicostella sculpturata or 
Zeuschnerina dispar but these two species are generally 
rare. We also reported some specimens, which might 
belong to Uchtovia refrathensis Milhau (ibid.) or to 
Uchtovia abundans, and others, which can be attributed 
to Cytherellina groosae or Cytherellina obliqua, the 
differences between these species being delicate.
Quasillites fromelennensis is absent in our samples 
but the majority of specimens collected by Milhau 
(ibid.) came from an adjacent section probably deposited 
in a deeper setting. The occurrence of this species is 
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Poloniella cf. claviformis (kuMMerow, 1953)
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Bairdiocypris sp. A, aff. eifliensis (keGel, 1928)
Healdianella sp. A, aff. budensis oleMPska, 1979
Cytherellina sp. A
Baschkirina sp. B in Casier et al. (1992)?
Coeloenellina sp. A, aff. minima (kuMMerow, 1953)
Buregia ovata (kuMMerow, 1953)
Bairdia sp. B
Aparchites sp. A in Casier et al. (2010) 
Fellerites crumena (kuMMerow, 1953)
Coeloenellina? sp. indet. 
Coeloenellina minima (kuMMerow, 1953)
Kielciella cf. fastigans (beCker, 1964)
Cavellina macella (kuMMerow, 1953)
Bairdiacypris antiqua Pokorny, 1950
●
●
●
●
?
●
●
●
●
●
●
●
●
49
9
50
0
50
1
50
2
50
3
50
5
50
7
50
8
51
1
51
6
52
1
52
3
52
5
52
7
54
3
60
4
60
8
61
0
61
2
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
?
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
?
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
?
●
●
●
●
●
●
●
●
?
?
?
●
●
?
?
?
●
●
●
?
●
?
●
●
●
●
●
?
●
●
?
?
●
?
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
?
●
●
●
●
●
●
?
●
●
●
●
●
●
?
●
?
?
?
●
●
●
?
?
?
●
●
●
●
●
Mont d’Haurs
Table 1 – Distribution of ostracods in the Hanonet Fm and Trois-Fontaines Fm at the Mont d’Haurs. 
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important because this one would characterize a new 
zone of the zonal sequence established on metacopids 
in the Devonian by Casier (1979; 2008).   
Most of species identified in the Rancennes 
Quarry are known from other sections in the Dinant 
Synclinorium, particularly from the Resteigne Quarry 
(Casier & Préat, 1990, 1991) and La Couvinoise 
Quarry (Casier et al., 1992), in Belgium and also from 
the Glageon Quarry, in Avesnois (Casier et al., 1995), 
France. Close relationship exists also among ostracods 
from the Aisemont Quarry in the Namur Synclinorium 
(Casier & Préat, 2006), Boulonnais in France (MaGne, 
1964; Milhau,1988), Eifel in Germany (kuMMerow, 
1953; beCker , 1964, 1965; Groos, 1969…), Holy 
Cross Mountains in Poland (aDaMCZak, 1968, 1976; 
oleMPska 1979; Zbikowska, 1983…), and the Czech 
Republic (Pokorny, 1950).
Conclusions
The ostracod fauna collected in the upper part of the 
Hanonet Fm and in the base of the Trois-Fontaines 
Fm at the Mont d’Haurs, belongs to the Eifelian 
Mega-Assemblage and is indicative of shallow marine 
well-oxygenated environments generally close to fair-
weather wave base. Only one sample collected at the top 
of the section studied contains an ostracod assemblage 
indicative of semi-restricted water conditions (in this 
sample the monospecific assemblage with the genus 
Coeleonellina prevails), and another sample from 
the same part of the section, contains Leperditicopid 
ostracods indicative of lagoonal environmental 
conditions. Three new species are described: 
Coryellina? audiarti nov. sp., Cavellina haursensis 
nov. sp and Parabolbinella coeni nov. sp.
XLF values decrease across the boundary interval 
between the Hanonet Fm and the Trois-Fontaines Fm 
and are very weak during the biostromal unit, before 
reaching the highest XLF values in the restricted 
lagoonal environment of the Trois-Fontaines Fm. 
XLF and microfacies curves show a moderate positive 
correlation in general. This is due to the evolution from 
a mixed ramp (Hanonet Fm) to a carbonate platform 
(Trois-Fontaines Fm).
A high-resolution stratigraphic correlation is 
tentatively proposed here between the Mont d’Haurs 
section and a 40 km-distant Baileux section where similar 
MS fluctuations were reported (Mabille & boulvain, 
2008) even if the sediments in the Baileux section are 
much thicker. The MS signal is strongly controlled by 
ferromagnetic s.l. minerals (mixture of magnetite with 
significant contribution of a high-coercivity phase, 
which might be hematite) and paramagnetic grains. 
The transition from a mixed- to inner-ramp system to 
a restricted lagoon in the carbonate platform system is 
accompanied by sea-level fall and an input of coarse-
grained ferromagnetic s.l. minerals (probably of 
detrital origin). However, an increasing trend of the Sd 
and IRM loss parameters is observed across the section 
with the highest values (together with the XLF values) 
in the lagoonal sediments of the Trois-Fontaines Fm. 
These two parameters point to the occurrence of a 
significant proportion of ultrafine-grained magnetite 
(close to 30 nm) probably formed during diagenesis. 
The primary MS signal is thus affected by diagenetic 
processes, which slightly modified the magnetic signal 
of the lagoonal limestones after deposition.
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anneXe 1
A list of Givetian ostracods figured by Coen (1985) and 
recently lodged with the collection of the Department 
of Paleontology of the Belgian royal Institute of natural 
Sciences. The numbering (IRScNB n° b 54…) is new. 
Ostracod specimens from the Mont d’Haurs are printed in 
bold.
b5451. Kozlowskiella rugulosa (kuMMerow, 1953). Pl. 1, 
Fig. 1;
b5452. Kozlowskiella rugulosa (kuMMerow, 1953). Pl. 1, 
Fig. 2;
b5453. Kozlowskiella rugulosa (kuMMerow, 1953). Pl. 1, 
Fig. 3;
b5454. Kozlowskiella sp. Pl. 1, Fig. 4;
b5455. Falsipollex? sp. Pl. 1, Fig. 5;
b5456. Tetrasacculus sp. Pl. 1, Fig. 6a,b;
b5457. Semibolbina sp. Pl. 1, Fig. 7a,b;
b5458. Parapribylites hanaicus Pokorny, 1950. Pl. 1, Fig. 
8a-c;
b5459. Parapribylites hanaicus Pokorny, 1950. Pl. 1, Fig. 9;
b5460. Kielciella fastigans (beCker, 1964). Pl. 1, Fig. 
10a,b;
b5461. Kielciella fastigans (Becker, 1964). Pl. 1, Fig. 11;
b5462. Gravia schallreuteri beCker, 1970. Pl. 1, Fig. 12;
b5463. Gravia schallreuteri beCker, 1970. Pl. 1, Fig. 13;
b5464. Coryellina curta (Polenova in rozHdestvens-
kaja, 1959). Pl. 2, Fig. 1;
b5465. Coryellina curta (Polenova in rozHdestvens-
kaja, 1959). Pl. 2, Fig. 2;
b5466. Kielciella dorsi aDaMCZak, 1968? Pl. 2, Fig. 3a,b; 
b5467. Kielciella dorsi aDaMCZak, 1968? Pl. 2, Fig. 4; 
b5468. Urftella adamczaki beCker, 1970. Pl. 2, Fig. 5a,b; 
b5469. Coryellina cybaea roZhDestvenskaJa, 1959. Pl. 2, 
Fig. 6;
b5470. Buregia ovata (kuMMerow, 1953). Pl. 2, Fig. 7; 
b5471. Buregia ovata (kuMMerow, 1953). Pl. 2, Fig. 8a,b; 
b5472. Botzentia? solitaris solitaris adaMczak, 1968. 
Pl. 2, Fig. 9;
b5473. Roundyella patagiata (beCker, 1964). Pl. 2, Fig. 10; 
b5474. Roundyella patagiata (Becker, 1964). Pl. 2, Fig. 11;
b5475. Refrathella cf. struvei Becker, 1967. Pl. 2, Fig. 12;
b5476. Refrathella struvei beCker, 1967. Pl. 2, Fig. 13; 
b5477. Refrathella struvei Becker, 1967. Pl. 2, Fig. 14; 
b5478. Refrathella cf. incompta beCker, 1971. Pl. 2, Fig. 
15a,b;
b5479. Nodella faceta roZhDestvenskaJa, 1972. Pl. 3, 
Fig. 1;
b5480. Nodella faceta roZhDestvenskaJa, 1972. Pl. 3, 
Fig. 2;
b5481. Nodella hamata beCker, 1968. Pl. 3, Fig. 3;
b5482. Aechmina sp. Pl. 3, Fig. 4;
b5483. Coeloenellina minima (kuMMerow, 1953). Pl. 3, 
Fig. 5a,b;
b5484. Coeloenellina cf. bijensis (rozHdestvenskaja, 
1959). Pl. 3, Fig. 6;
b5485. Coeloenellina cf. bijensis (rozHdestvenskaja, 
1959). Pl. 3, Fig. 7a,b, Fig. 4 in text;
b5486. Coeloenellina optata (Polenova, 1955). Fig. 5 in 
textu;
b5487. Coeloenellina vellicata n. sp. Holotype. Pl. 3, Fig. 
8a,b;
b5488. Coeloenellina vellicata n. sp. Paratype. Pl. 3, Fig. 
9a,b;
b5489. Samarella aff. laevinodosa Becker, 1964. Pl. 3, 
Fig. 10a,b;
b5490. Balantoides brauni (beCker, 1968). Pl. 3, Fig. 11; 
b5491. Balantoides brauni (beCker, 1968). Pl. 3, Fig. 12; 
b5492. Rectella trapezoides ZasPelova, 1959? Pl. 3, Fig. 
13a,b;
b5493. Evlanella mitis adaMczak, 1968. Pl. 3, Fig. 14; 
b5494. Evlanella mitis adaMczak, 1968. Pl. 3, Fig. 15; 
b5495. Evlanella mitis adaMczak, 1968. Pl. 3, Fig. 16; 
b5496. Evlanella mitis adaMczak, 1968. Pl. 3, Fig. 17; 
b5497. Poloniella tertia kröMMelBein, 1953. Pl. 4, 
Fig. 1; 
b5498. Poloniella tertia kröMMelBein, 1953. Pl. 4, 
Fig. 2; 
b5499. Poloniella tertia kröMMelbein, 1953. Pl. 4, 
Fig. 3a,
b; b5500. Poloniella claviformis (kuMMerow, 1953). Pl. 
4, Fig. 4a,b;
b5501. Uchtovia abundans (Pokorny, 1950). Pl. 4, 
Fig. 5a,b;
b5502. Uchtovia abundans (Pokorny, 1950). Pl. 4, 
Fig. 6a,b;
b5503. Uchtovia abundans (Pokorny, 1950). Pl. 4, Fig. 7;
b5504. Evlanella germannica Becker, 1964. Pl. 4, Fig. 8; 
b5505. Evlanella germannica Becker, 1964. Pl. 4, Fig. 9; 
b5506. Evlanella germannica Becker, 1964. Pl. 4, Fig. 10;
b5507. Evlanella fibulaeformis (roZhDestvenskaJa, 1959). 
Pl. 4, Fig. 11;
b5508. Uchtovia refrathensis (kröMMelbein, 1954). Pl. 5, 
Fig. 1a,b;
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b5509. Uchtovia refrathensis (kröMMelbein, 1954). Pl. 5, 
Fig. 2a,b;
b5510. Uchtovia refrathensis (kröMMelbein, 1954). Pl. 5, 
Fig. 3;
b5511. Cavellina macella kuMMerow, 1953. Pl. 5, Fig. 4a,b;
b5512. Cavellina macella kuMMerow, 1953. Fig. 6 in textu; 
b5513. Cavellina rhenana kuMMerow, 1953. Pl. 5, Fig. 5; 
b5514. Cavellina rhenana kuMMerow, 1953. Pl. 5, Fig. 6; 
b5515. Cavellina rhenana kuMMerow, 1953. Pl. 5, Fig. 7; 
b5516. Cavellina rhenana kuMMerow, 1953. Pl. 5, Fig. 8;
b5517. Cavellina? wahlensis n. sp. Holotype. Pl. 5, 
Fig. 9a,b;
b5518. Cavellina? wahlensis n. sp. Paratype. Pl. 5, Fig. 
10a,b;
b5519. Cavellina? wahlensis n. sp. Fig. 7 in textu;
b5520. Cavellina devoniana eGorov, 1950. Pl. 5, Fig. 
11a,b; 
b5521. Cavellina devoniana eGorov, 1950. Pl. 5, Fig. 
12a,b; 
b5522. “Healdianella” budensis oleMPska, 1979. Fig. 8 in 
textu;
b5523. Polyzygia symmetrica GüricH, 1896. Pl. 6, Fig.1; 
b5524. Polyzygia beckmanni kröMMelbein, 1954. Pl. 6, 
Fig. 2;
b5525. Quasillites fromelennensis Milhau, 1983. Pl. 6, Fig. 
3a,b.
b5526; Quasillites fromelennensis Milhau, 1983. Pl. 6, Fig. 4;
b5527. Quasillites lecomptei n. sp. Paratype. Pl. 6, Fig. 5; 
b5528. Quasillites lecomptei n. sp. Holotype. Pl. 6, Fig. 6; 
b5529. Jenningsina paffrathensis kröMMelbein, 1954. Pl. 
6, Fig. 7;
b5530. Jenningsina heddebauti MilHau, 1983. Pl. 6, 
Fig. 8; 
b5531. Jefina kaisini n. sp. Holotype. Pl. 6, Fig. 9a-c;
b5532. Jefina kaisini n. sp. Paratype. Pl. 6, Fig. 10;
b5533. Jefina kaisini n. sp. Paratype. Pl. 6, Fig. 11;
b5534. Indéterminé. Pl. 6, Fig. 12;
b5535. Parathurammina. Pl. 6, Fig. 13;
b5536. Jefina romei n. sp. Holotype. Pl. 6, Fig. 14a,b;
b5537. Jefina romei n. sp. Paratype. Pl. 6, Fig. 15;
b5538. Jefina romei n. sp. Paratype. Pl. 6, Fig.16;
b5539. Jefina romei n. sp. Paratype. Pl. 6, Fig.17;
b5540. Zeuschnerina dispar adaMczak, 1976. Pl. 6, 
Fig.18;
b5541. Leptoprimitia sp. Pl. 6, Fig. 19;
b5542. Bufina aff. abbreviata Peterson, 1966. Pl. 7, Fig. 1; 
b5543. Bufina aff. abbreviata Peterson, 1966. Pl. 7, Fig. 2; 
b5544. Bufina schaderthalensis ZaGora, 1968. Pl. 7, Fig. 3;
b5545. Bufina schaderthalensis zaGora, 1968. Pl. 7, Fig. 
4a,b;
b5546. Bufina schaderthalensis zaGora, 1968. Pl. 7, Fig. 5;
b5547. Bufina schaderthalensis zaGora, 1968. Pl. 7, Fig. 6;
b5548. Bufina schaderthalensis ZaGora, 1968. Pl. 7, Fig. 7;
b5549. Ropolonellus cf. aznajevaensis (rozHdestvens-
kaja, 1962). Pl. 7, Fig. 8;
b5550. Ropolonellus cf. aznajevaensis (rozHdestvens-
kaja, 1962). Pl. 7, Fig. 9;
b5551. Euglyphella europaea n. sp. Paratype. Pl. 7, Fig. 10; 
b5552. Euglyphella europaea n. sp. Holotype. Pl. 7, Fig. 
11a,b;
b5553. Euglyphella europaea n. sp. Paratype. Pl. 7, Fig. 12; 
b5554. Euglyphella europaea n. sp. Paratype. Pl. 7, Fig. 13; 
b5555. Euglyphella europaea n. sp. Paratype. Pl. 7, Fig. 14; 
b5556. Euglyphella europaea n. sp. Paratype. Pl. 7, Fig. 15; 
b5557. Euglyphella europaea n. sp. Paratype. Pl. 7, Fig. 16; 
b5558. Cytherellina obliqua (kuMMerow, 1953). Pl. 8, Fig. 1;
b5559. Cytherellina obliqua (kuMMerow, 1953). Pl. 8, Fig. 2;
b5560. Cytherellina obliqua (kuMMerow, 1953). Pl. 8, 
Fig. 3; 
b5561. Cytherellina obliqua (kuMMerow, 1953). Pl. 8, Fig. 
4;
b5562. Cytherellina obliqua (kuMMerow, 1953). Pl. 8, Fig. 5;
b5563. Cytherellina obliqua (kuMMerow, 1953). Pl. 8, 
Fig. 6;
b5564. Cytherellina obliqua (kuMMerow, 1953). Pl. 8, 
Fig. 7;
b5565. Cytherellina obliqua (kuMMerow, 1953). Pl. 8, 
Fig. 8;
b5566. Cytherellina groosae n. sp. Paratype. Pl. 8, Fig. 9; 
b5567. Cytherellina groosae n. sp. Holotype. Pl. 8, Fig. 10; 
b5568. Cytherellina groosae n. sp. Paratype. Pl. 8, Fig. 11; 
b5569. Cytherellina groosae n. sp. Paratype. Pl. 8, Fig. 12; 
b5570. Cytherellina sp. Pl. 8, Fig. 13;
b5571. Cytherellina sp. Pl. 8, Fig. 14;
b5572. Cytherellina sp. Pl. 8, Fig. 15;
b5573. Cytherellina sp. Pl. 8, Fig. 16;
b5574. Cytherellina? dubia (kuMMerow, 1953). Pl. 8, 
Fig. 17;
b5575. Bairdia paffrathensis kuMMerow, 1953. Pl. 8, Fig. 18;
b5576. Bairdia paffrathensis kuMMerow, 1953. Pl. 8, Fig. 
19a,b;
b5577. Bairdia cf. paffrathensis kuMMerow, 1953. Pl. 8, 
Fig. 20;
b5578. Bairdia cf. paffrathensis kuMMerow, 1953. Pl. 8, 
Fig. 21;
b5579. Cryptophyllus sp 1. Pl. 8, Fig. 22;
b5580. Cryptophyllus sp 2. Pl. 8, Fig. 23;
b5581. Bairdia cf. siliklensis rozHdestvenskaja, 1962. 
Pl. 9, Fig. 1;
b5582. Bairdia cf. siliklensis rozHdestvenskaja, 1962. 
Pl. 9, Fig. 2;
b5583. Bairdia cf. siliklensis rozHdestvenskaja, 1962. 
Pl. 9, Fig. 3;
b5584. Bairdia cf. siliklensis rozHdestvenskaja, 1962. 
Pl. 9, Fig. 4;
b5585. Baidiocypris corniger roZhDestvenskaJa, 1962. 
Pl. 9, Fig. 5;
b5586. Bairdia cf. carinata Polenova, 1960. Pl. 9, Fig. 6; 
b5587. Bairdia cf. carinata Polenova, 1960. Pl. 9, Fig. 
7a,b;
b5588. Microcheilinella aff. ventrosa Polenova, 1960. Pl. 
9, Fig. 8a,b;
b5589. Microcheilinella affinis Polenova, 1955. Pl. 9, 
Fig. 9;
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b5590. Microcheilinella affinis Polenova, 1955. Pl. 9, 
Fig. 10;
b5591. Bairdiocypris symmetrica (kuMMerow, 1953). Pl. 
9, Fig. 11;
b5592. Bairdia sp. Pl. 9, Fig. 12;
b5593. Bairdiacypris sp. Pl. 9, Fig. 13;
b5594. Microcheilinella sp. Pl. 9, Fig. 14; 
b5595. Microcheilinella sp. Pl. 9, Fig. 15;
b5596. Orthocypris cicatricosa n. sp. Paratype. Pl. 9, Fig. 16; 
b5597. Orthocypris cicatricosa n. sp. Holotype. Pl. 9, Fig. 
17a,b; 
b5598. Orthocypris cicatricosa n. sp. Paratype. Pl. 9, Fig. 18; 
b5599. Orthocypris cicatricosa n. sp. Paratype. Pl. 9, Fig. 19; 
b5600. Saumella sp. Pl. 9, Fig. 20.
Explanation of plates
All types are deposited in the collections of the Department of Paleontology (section Micropaleontology) of the Royal 
Belgian Institute of natural Sciences (IRScNB n° b 54…). Thin sections are deposited in the Department of Earth Sciences 
and Environment of the University of Brussels (ulb/sed …). MH  = sample number (see Fig. 2 for the stratigraphic position). 
Ha Fm = Hanonet Fm; TF Fm = Trois-Fontaines Fm.
Plate 1
Fig. 1   Amphissites tener omphalotus beCker, 1964, Mh-503, Ha Fm, IRScNB n° b 5397, left valve, x60.                        
Fig. 2   Parabolbinella coeni n. sp., Mh-501, Ha Fm, IRScNB n° b 5398, left valve of heteromorph, x45.                        
Fig. 3   Kozlowskiella sp. C in Casier et al. (1994), Mh-543, TF Fm, IRScNB n° b 5399, right valve, x45. 
Fig. 4   Fellerites crumena (kuMMerow, 1953), Mh-527, Ha Fm, IRScNB n° b 5400, right valve, x35.  
Fig. 5   Kielciella cf. fastigans (beCker, 1964), MH-543, TF Fm, IRScNB n° b 5401, right valve, x55                  
Fig. 6   Parapribylites hanaicus Pokorny, 1950, MH-612, TF Fm, IRScNB n° b 5402, right lateral view of the 
carapace of a tecnomorph, x85. 
Fig. 7   Aparchites sp. A in Casier et al. (2010), MH-525, Ha Fm, IRScNB n° b 5403, right lateral view of a carapace, 
x50. 
Figs 8-10  Coryellina? audiarti nov. sp. 8. Holotype, a. Right lateral view, x70, b. Dorsal view, x55, 9. Right lateral view 
of Paratype A, x75, 10. Right lateral view of Paratype B, x65. 
Fig. 11   Urftella adamczacki beCker, 1970, Mh-501, Ha Fm, IRScNB n° b 5407, right lateral view of a carapace, 
x45.
Fig. 12   Refrathella struvei beCker, 1967, Mh-501, Ha Fm, IRScNB n° b 5408, left valve, x80.
Fig. 13   Roundyella patagiata (beCker, 1964), Mh-503, Ha Fm, IRScNB n° b 5409, broken valve, x60.
Fig. 14   Samarella cf. laevinodosa beCker, 1964, Mh-523, Ha Fm, IRScNB n° b 5410, right lateral view of a carapace, 
x65.
Fig. 15   Buregia ovata (kuMMerow, 1953), Mh-525, Ha Fm, IRScNB n° b 5411, right lateral view of carapace, x70.
Fig. 16   Coeloenellina minima (kuMMerow, 1953), Mh-612, TF Fm, IRScNB n° b 5412, left lateral view of a carapace, 
x50.
Fig. 17   Coeloenellina sp. A, aff. minima (kuMMerow, 1953), Mh-612, TF Fm, IRScNB n° b 5413, right lateral view 
of a carapace, x40.
Fig. 18   Coeloenellina? sp. indet., MH-527, Ha Fm, IRScNB n° b 5414, right lateral view of a carapace, x65.
Plate 2
Fig. 1   Poloniella tertia kröMMelbein, 1953, Mh-502, Ha Fm, IRScNB n° b 5415, right lateral view of a carapace, 
x60.
Fig. 2   Poloniella cf. claviformis (kuMMerow, 1953), Mh-502, Ha Fm, IRScNB n° b 5416, poorly preserved right 
valve, x75.
Fig. 3   Marginia cf. sculpta multicostata Polenova, 1953, Mh-503, Ha Fm, IRScNB n° b 5417, left valve, x80.
Fig. 4  Cavellina macella (kuMMerow, 1953)?, MH-604, TF Fm, IRScNB n° b 5418, right lateral view of a poorly 
preserved carapace, x80.
Figs 5-6   Cavellina haursensis nov. sp., 5. Holotype, a. Right lateral view, x50, b. Dorsal view, x45, 6. Right lateral view 
of Paratype A, x65. 
Fig. 7   Uchtovia kloedenellides (ADaMCZak, 1968), Mh-503, Ha Fm, IRScNB n° b 5422, left lateral view of a broken 
carapace, x60.
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Fig. 8-9   Uchtovia abundans (Pokorny, 1950), 8. Mh-502, Ha Fm, IRScNB n° b 5423, left lateral view of the carapace 
of a juvenile, x70, 9. Mh-503, Ha Fm, IRScNB n° b 5424, left lateral view of a carapace, x45.
Figs 10-11  Svantovites primus Pokorny, 1950, 10. Mh-507, Ha Fm, IRScNB n° b 5425, right lateral view of a carapace, 
x75, 10. MH-507, Ha Fm, IRScNB n° b 5426, a. Right lateral view of a carapace with removed right valve, 
x75, b. Removed right valve, x80.
Fig. 12   Jefina romei COEN, 1985?, Mh-501, Ha Fm, IRScNB n° b 5427, right lateral view of a carapace, x70.
Fig. 13   Bufina schaderthalensis ZaGora, 1968, Mh-500, Ha Fm, IRScNB n° b 5428, right lateral view of carapace, 
x55.
Fig. 14   Ropolonellus ketneri (Pokorny, 1950), Mh-503, Ha Fm, IRScNB n° b 5429, right lateral view of a carapace, 
x70.
Fig. 15   Cytherellina obliqua (kuMMerow, 1953), Mh-501, Ha Fm, IRScNB n° b 5430, right lateral view of a carapace, 
x65.
Fig. 16  Cytherellina? cf. brassicalis beCker, 1965, Mh-501, Ha Fm, IRScNB n° b 5431, right lateral view of a 
carapace, x45.
Fig. 17   Cytherellina perlonga (kuMMerow, 1953), Mh-523, Ha Fm, IRScNB n° b 5432, right lateral view of a 
carapace, x70.
Plate 3
Fig. 1   Cytherellina sp. A, MH-508, Ha Fm, IRScNB n° b 5433, right lateral view of a carapace, x85.
Fig. 2   Cytherellina? sp. indet., Mh-507, Ha Fm, IRScNB n° b 5434, right lateral view of a a carapace, x75.
Fig. 3   Healdianella sp. A, aff. budensis oleMPska, 1979, Mh-527, Ha Fm, IRScNB n° b 5435, right lateral view of 
a carapace, x85.
Fig. 4   Bairdiocypris rauffi kröMMelbein, 1952, Mh-503, Ha Fm, IRScNB n° b 5436, right lateral view of a carapace, 
x20.
Fig. 5   Bairdiocypris cf. symmetrica (kuMMerow, 1953), Mh-501, Ha Fm, IRScNB n° b 5437, poorly preserved 
right valve, x55.
Fig. 6   Bairdiocypris sp. A, aff. eifliensis (keGel, 1928), Mh-507, Ha Fm, IRScNB n° b 5438, right lateral view of a 
carapace, x60.
Fig. 7   Baschkirina sp. B in Casier et al. (1992)?, Mh-523, Ha Fm, IRScNB n° b 5439, right lateral view of a poorly 
preserved carapace, x35.
Fig. 8   “Orthocypris” sp. in Casier et al. (1995), Mh-505, Ha Fm, IRScNB n° b 5440, right lateral view of a carapace, 
x65.
Fig. 9   Microcheilinella affinis Polenova, 1955, Mh-525, Ha Fm, IRScNB n° b 5441, right lateral view of a carapace, 
x85.
Fig. 10   Tubulibairdia clava  (keGel, 1933), Mh-523, Ha Fm, IRScNB n° b 5442, right lateral view of a carapace, 
x35.
Fig. 11   Acratia sp. A, aff. Cechelovites cultratus Pokorny, 1950, Mh-502, Ha Fm, IRScNB n° b 5443, right lateral 
view of a poorly preserved carapace, x50.
Fig. 12   Bairdia paffrathensis kuMMerow, 1953, Mh-502, Ha Fm, IRScNB n° b 5444, right lateral view of a carapace, 
x45.
Fig. 13   Bairdia cf. carinata Polenova, 1960, sensu Coen (1985), Mh-525, Ha Fm, IRScNB n° b 5445, right lateral 
view of a poorly preserved carapace, x40.
Fig. 14   Bairdia cf. tischendorfi beCker, 1965, Mh-507, Ha Fm, IRScNB n° b 5446, right lateral view of poorly 
preserved carapace, x40.
Fig. 15   Bairdia sp. A, Mh-503, Ha Fm, IRScNB n° b 5447, right lateral view of a carapace, x45.
Fig. 16   Bairdia sp. B, Mh-525, Ha Fm, IRScNB n° b 5448, right lateral view of a poorly preserved carapace, x70.
Fig. 17   Bairdiacypris antiqua (Pokorny, 1950), Mh-608, TF Fm, IRScNB n° b 5449, right lateral view of poorly 
preserved carapace, x45.
Fig. 18  Cryptophyllus sp. indet., Mh-608, TF Fm, IRScNB n° b 5450, poorly preserved valve, x50.
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Plate  4 
Open marine environment
Figs 1-2   Burrowed bioclastic (echinoderms, bryozoa, cricoconarids, ostracods) wackestone with a slightly recrystallized 
fine-grained calcitic microspar. Blackish zones are filamentous, spheroidal pyrite (Fig. 2) accumulated along 
the pressure solution seams (Fig. 1). Open-marine environment near the storm-wave base-level. MF2, ulb/sed 
6836-10 (Fig.1) and 6837-10 (Fig. 2), MH-501, Ha Fm.
Figs 3-5   Girvanella oncoid developed on a coral fragment (tabulata) in a bioclastic packstone (Fig. 3). See multiple 
envelope (here two layers are visible, a blackish one encrusted by a greyish one). Girvanella can bind the 
bioclasts (crinoids in the Fig. 4 or brachiopods and bryozoa in the Fig. 5). Framboidal pyrite is trapped in the 
Girvanella  mats (Fig. 5). Open marine environment with intermittent agitation near the storm-wave base level. 
MF3, ulb/sed 6825-10 (Fig.3), 6830-10 (Fig. 4) and 6827-10 (Fig. 5), MH-508, Ha Fm.
Fig. 6   Bioclastic packstone with a brachiopod shell and slightly altered crinoids. Undeterminable microbioclasts are 
present between the bioclasts and crinoids, and mixed in the microparitized calcite matrix. The punctae of 
the brachiopod are filled with very small-sized pyrite spheres. The peloid below the brachiopod shell is a 
micritized Girvanella fragment. Irregular pressure solution seams are observed between the bioclasts. Open 
marine environment near the storm-wave base level. MF3, ulb/sed 6845-10, MH-507, Ha Fm.
Figs 7-8   Stromatoporoid floatstone with a bioclastic (issinellids, Fig. G; crinoids, Fig. H) packstone matrix. Peloids and 
crinoids exhibit an oblique stratification and a few crinoidal fragment with a syntaxial cement (centre of the 
photo).  Agitated peri-reefal environment near a bioconstruction. MF4, ulb/sed 6884-10 (Fig. 7) and 6893-10 
(Fig. 8).  MH-600, TF Fm.
Plate 5
Fore-shoal and restricted lagoonal environments
Fig. 1   Peloidal molluscan-crinoidal packstone. Former geopetal infillings in the gastropods. The large bioclasts 
represent a storm layer in a peloidal wackestone-packstone. Open marine fore-shoal near the fair-weather 
wave-base level. MF5, ulb/sed 6848-10, MH-513, Ha Fm.
Fig. 2   Peloidal bioclastic packstone with Bisphaera Birina, 1948 (incertae sedis). The matrix is a medium-grained 
calcite microsparite. Open marine fore-shoal near the fair-weather wave-base level. MF5, ulb/sed 6856-520, 
MH-513, TF Fm.
Fig. 3   Calcispherid  (Calcisphaera) wackestone (=”calcispherite”) with Kamaena (alga) and an ostracod valve in a 
dense dark micrite. Restricted lagoon. MF8, ulb/sed 6909-10, MH-609, TF Fm.
Fig. 4  Peloidal calcispherid (Parathurammina dagmarae) wackestone (=”calcispherite”). The matrix is slightly 
recrystallized and most of the white calcite comes from the dissolution of molluscs. Restricted lagoon. MF8, 
ulb/sed 6915-10, MH-610, TF Fm.
Fig. 5   Homogeneous wackestone with Leperditicopid valves overlain by an issinellid (alga). Framboidal pyrite in the 
dense micritic matrix. Restricted lagoon. MF9, ulb/sed 6918-10, MH-611, TF Fm.
Fig. 6   Abundant bipyramidal quartz microcrystals with tiny micritic inclusions. The dense micritic matrix contains 
a few peloids and one strongly altered (microsparitized) pelecypod fragment (upper left corner of the photo). 
MF9, ulb/sed 6869-10, MH-539, TF Fm.
Figs 7-8   Wackestone with an umbrella “cavity” giving upward a particular fenestrae starting from the base of a gastropod 
(Fig. 7). The fenestra is filled with yellowish thick fibrous and white granular calcitic cements. The dense 
micritic matrix contains abundant microparitized (fine-grained calcite microspar) sponge spicules (Fig. 8). The 
photo displays an ostracod valve. Restricted lagoon. MF11, ulb/sed 6877-10 (Fig. 7) and 6871-10 (Fig. 8) MH-
540, TF Fm.
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